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I. INTRODUCTION

This report discusses the study which was accomplished to determine the
feasibility of applying Burst techniques to the retransmission of PCM
data from miltiple asynchronous telemetry links.

Burst transmission infers that data is assembled into a discrete unit and
transmitted as a block, In the retransmission of telemetry data the data
handling capacity of even a single input link is usually much greater than
the capacity of the commnication circuit over which the data is to be re-
transmitted, hence it is desirable to use the maximm possible capacity of
the communication circuit., To achieve such high utilization when trans-
mitting bursts it is necessary that blocks be assembled and transmitted
contiguously,

After telemetry data has been retransmitted, regardless of the technique
used, it is necessary that the capability exist for identifying each in-
dividual parameter. Furthermore, it will often be necessary to readout
and display certain of these parameters in a periodic manner. Where PCM
data is asynchronously retransmitted and then used to reconstruct the
initial function, a distortion will result unless a means is provided
whereby the time of occurance of each sample can be reestablished,

The burst technmique studied herein are, therefore, required to perform the
following functions:

Select pre-specified parameters and assemble blocks,

« Contiguously merge these blocks into an efficient format,

o Provide for the extraction of parameters from the format
(de-commtation),

o Provide for the periodic output of parameters,

o Provide a means for reestablishing the time of individual
samples.

Because the distinguishing characteristic of burst transmission is that the
message is composed of contiguous blocks of data, the differences which would
exist between various burst gystems wonld result from the definitions estab-
lished for blocks,

A block could be defined as containing all parameters selected from a single
input 1ink, A message would then comsist of the same number of blocks as
there are input links and blocks would usually be rather large, containing a
significant part of the commmication circuits capacity.

A different definition of a block could be that it would contain parameters
at a given data rate which wuld be transmitted so that the periodicity of
the data is maintained., Blocks of this type would usually be rather small
depending on the capacity of the commnication circuit and the mumber of
separate data rates from which blocks are to be assemblsed and many of these
wuld be required to complete a message.

1.



The first definition would result in the largest possible block size and the
Ssecond criteria in the smallest. An investigation of burst systems based on
these extremes will result in identifying the advantages and disadvantages
associated with each method, A comparison of the relative merits of each
will then allow a judgement to be made concerning which method would be
recommended.

The two methods studied were the Periodic, small blocks of paraneters at a

glven rate, and the Blocked, one block from each input link, Both of these

methods were investigated as applied to a specific case where inputs are from

Titan, Gemini and Agena link and retransmission is via a 301B(LO.8KBPS) com-
munications circuit, and for the gemeral case where arbitrary input links and

output circuits are involved. |

As the result of these comparisons the Periodic Burst technique is recormended. |
The application of Periodic Burst to the specific case is, therefore, studied

in depth and the procedure to be followed in the Periodic Burst transmission

of the general case ts detailed by means of logic flow diagrams and extrapo-

lated discussions,

A demonstration of the Periodic Burst technique was conducted and is discussed.
2. PFERIODIC BURST TECHNIQUE

In this section the feasibility of developing a system using Periodic Burst
technique is investigated. The initial concept for a system using these tech-
niques requires:

a) Individual blocks to be assembled from parameters selected from a
single input link at a single input data rate.

b) A format to be established in which the blocks are burst trans-
mitted at the same rate at which the data within each block occurs
in order that the periodicity of the data is maintained,

¢) The size of individual blocks be sach that the total mmber of
blocks required can be tranmmitted within the capacity of the
available communication circuit,

The procedure which will be followed in this study will be to develop a Burst
technique for specific system requirements and extrapolate the characteristics
of that technique to a general application, The specific system requires

from Titan, Gemini and Agena PCM telemetry links and retransmission via the 301B
communication circuit,

2,1 Basic Characteristics of the Burst Hessqg_e_

The Titan, Gemimi and Agena telemstry formats, which were attached to the con-
tract, have been examined and the following features of each were extracted:
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Table 1
Titan Gemrsi Agena

Bit Rate 172.8KkBPS 51.2KBPS 16,384KBPS
Sync Rate 20/Sec. Lo/sec 16/Sec

Sample Rate Parameters Sample Rate Parameters Sample Rate Parameters

4oo 20 640 6 16 112
200 20 160 3 1 Uy,
100 37 80 9 0.2 &
Lo 35 Lo 3
20 90 20 3
10 22
1.25 112
0.k16 W,

A block will be assembled from paramsters which occur at the same rate and
during one "period" at that rate., For example, consider a block of LOOSPs
parameters, The data is such that all parameters to be included in a block
would have occured at the rate of L4OOSPS and within a 106/L00=2500 microsecond
period. It is obvious that LOO such blocks occur each second,

The total number of blocks which can be assembled from the above listed data
in one second (assuming one set of blocks per input rate) is 1728.866, If
these blocks are to be transmitted over a ﬁ(e).BKBPS circuit each block can con-
tain 40,800/1728.866=24.6 bits. Hence, three 8-bit words can be included in
each block and 0.6 bits would be unused per block,

If it were also required that these blocks be periodically transmitted, the
total slots (spaces for blocks) within the output message must be increased,
Consider blocks from only the two highest rates (LOOSPS and 640SPS). For both
of these to be periodically transmitted it is necessary that both rates be
related to the number of slots as an integer., That is:

Number of LOO slots = Number of &40 slots, or M = Np
LOO aL0 L0 ao

Fp = 6ol = 8 M1, The smllest mumber of slots which satisfy
00§

the above equation is 3200 slots per second, For transmission over the speci-
fied 40,BKBPS commnications circuit, it can be seen that each such block
could contain 40,800/3200 = 12,75 bits, Since all input parameters are 8 bit
words, each such block can contain only one parameter (unless the word length
is changed) and L4.75 bits are unused each block,

3.



When blocks at the two different rates are merged into the format it is
necessary to assure that no single slot is assigned to both rates. Hence
it is necessary to determine the particular slots which will be occupied
by successive blocks at each rate. The locations of these slots depend
on the slot assigned for the initial block of that rate, the rate of these
blocks, and the slot rate (total slots per second). Mathematically,

L =X+N(5/R), vwhere:

L = location of N™ block

X = location of first (inital) block

S = glot rate

R = block rate

N = successive occurance of blocks (an integer from O to R).

Once block rates have been specified and a tenative slot rate has been selected,
it is necessary to determine if imitial slot locations can be selected which
will allow the transmission of blocks from both rates without interference,
For the particular case being considered, a slot rate of 3200 per second has
been tentatively selected to transmit blocks at LOO and 640 per second. To
determine suitable initial slots it is necessary to set up the equation for
both conditions and solve these equations simltaneously, Interference will
occur for any slot location which will result in a solution to the simultaneous
equation and, conversely, no interference will occur under the condition where
a solution cannot be obtained. Detemiming the suitability of the 3200 slot
format:

Lioo = X0 + Nyynp (3200/400) = X) 55 + 8 N4,

Layo = Xgo * Ngyo (3200/640) = X4 + 5 Ngg
When interference occurs Ljop = Lglos therefore:

Xj00 + 8 Nyoo = Xgyo + 5 Ngyo

%00 = Xeyo = 5 Ngo = 8 Ny

let xhoo - x6h0 = Axs then
AX-;N&O-BNM)O

Now AX can vary between 1 and 5. To determine under what conditions of AX
interference will occur, each possible value can be selected and Njy0p and Ngj,o

will be varied to determine if the equation can be satisfied, This has been
done and is tabulated below:

Table TT
Suitability of Various Values of AX
AX NeLo Nj,00 Interference
1 3 Yes
2 2 1 Yes
3 7 h Yes
L L 2 Yes
5(0) 8 5 Yes

he




It will be noted from the above table that all possible values of AX result in
interference and therefore it is concluded that blocks at both &0 and 10O per
second camot be periodically burst transmitted in a format which contains 3200
slots per second,

The next larger mumber of slots which will meet the first criteria of belng re-
lated to both rates as integers is €400, It will be found that if 6400 slots
r second were transmitted over a commnication circuit having a capacity of
0.8KBPS, each slot could contain only L40,800/6400=6.} bits, which is less than
one word, It is therefore concluded that it is not feasible to periodically
burst transmit blocks at 64O and LOO per second rates via a 40.8KBPS circuit.
The original concept must, therefore, be modified.

This modified concept is - as many blocks as can be efficiently handled will be
transmitted periodically and the pther blocks will be non-periodically burst
transmitted. It was shown above that both 640 and LOOSPS blocks cannot be
periodically transmitted, therefore, one of these rates will be selected as
the basis for designing the format and will be periodically transmitted, The
other "rate™ blocks will then be non-periodically transmitted,

It can be seen that if the LOOSPS rate is selected, all the other rates will be
related to the slots in the format as an integer and can be periodically trans-
mitted except two (640 and 160SPS). If the G4LOSPS rate were selected, three
rates (40O, 200 and 100SPS) could not be periodically transmitted. This seems
to slightly favor the LOOSPS rate as the better choice,

If the LOOSPS rate were selected, each slot could contain L40,800/400=102 bits,
This would allow 12 8-bit words to be transmitted and result in a potential BUE
of 8x12x100/102y94.2%. If, on the other hand, the 640SPS rate were selected,
each slot would contaln 63.8 bits, 56 bits of which could be used by seven 8-bit
words, to achieve a potential BUE of 56x100/63.8 % 87.8%.

Both considerations clearly poinmt to the LOOSPS rate as the more desirable sel-
ection, Hence, the Periodic Burst system will be designed so that LOOSPS data
and all other rate data which are related to L00SPS as an integer, can be per-
iodically Burst transmitted,

2.1.1 Block Rate and Maximm Length

Blocks are to be periodically transmitted at each of the above listed rates
except 640 and 160SPS. The highest Periodic rate is 100 per second or one block
per 2500 microseconds, Thus it is obvious that a block camot be longer than
2500 microseconds if LOOSPS data is to be transmitted. It is also obvious that
if data other than LOOSPS data is to be included in the Burst message, the full
2500 microseconds camot be used by the LOOSPS data. It follows then that to
handle LOOSPS data one block must appear each 2500 microseconds and that block
mst be short enough to allow other blocks to be placed between the LOOSPS blocks,

2.,1.2 Concept of Burst Periods and Slots

In devising a Burst retransmission format the message will be divided into periods
and slots, A Burst period will be defined as the period of the highest periodic
input data rate, in this case 2500 microseconds, and LOO such periods will occur
each second, Each Burst period will then be divided into a mmber of spaces
which will be called slots and which will provide a position in the message for
individual blocks., One slot must be provided for each block of the: message,
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thus the total number of slots depends on the number of blocks which are to be
transmitted, Assume that, as a minimm, one set of blocks must be transmitted
for each compatible rate from each input channel. Since fractions of a slot
are not possible, 760 Titan blocks, 152 Gemini blocks, and 18 Agena blocks are
to be included in a minimm message (640 and 160SPS rates not included) and a
total of 930 slots must be provided in the format for data. In additlon, at
least two other slots must be provided for Sync and Timing with the result that
at least 932 slots are required,

2.1.3 Discussion of Possible Period Formats

In order to provide 932 slots in a L0O period message, it is necessary that at
least 132 periods be divided into three parts and the other 268 periods into
two parts., All blocks from a single input channel will contain successive
samples of the same parameters, hence, all blocks from a single input chamel
must be of the same length (minor exceptions to this will be discussed later).
Considering the L4OOSPS input chammel, it is seen that ome block of this data
must appear in each period., Furthermore, to maintain periodicity, that block
mist appear in the same relative location in successive periods in order that
the separation of blocks is 2500 microseconds, Similarly, blocks from other
input channels must be placed in the same relative location in their assigned
periods, Two period formats would, therefore, be required, These are illus-
trated in Figure I,

In designing a message format it is necessary that blocks from individuval input
channels be placed in slots so as to maintain periodicity. When the message
format is made up of different types of periods, such as those illustrated in
Figure 1, it becomes necessary to simultaneously establish the location of each
block and assure that the proper type period is placed in the needed location,

The second variable could be eliminated if all periods were idemtical. To pro-
vide identical periods and also enough slots to handle the 932 blocks, each

period could be divided into three parts, thereby providing a total of 1200 slots.
Each slot, in this case, would be smaller than if the period were divided in two
and would obviously be capable of containing fewer parameters. However, the

same nunber of parameters as in the two-slot case could be selected and assembled
into the larger number of smaller blocks, thus allowing the same total number of
data words to be transmitted,

2.,1.i Selection of the Period Format

The increased ease of programming and greater versatility which results from
using identical (three-slot) periods weight heavily in its fawr, Therefore,
the remainder of this section will concentrate on developing a Burst system in
which LOO periods of three data slots each are transmitted per second.

2.1.5 Definition of Periods, Slots and Burst Channel

In the following discussion it will be necessary to refer to individual slots,
to particular periods, and to Burst chammels, In order to simplify such refer-
ences, each period will be identified by a number from 1 to 40O, and each slot
within a period by the letters A, B and C. Three Burst chamels identified as
A, B and C each consisting of 40O consecutive slots bearing the same letter
designation exists, Individual slotes can be identified by period number and
Burst channel as 1A, 15B, 99C, etc.
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2.1.6 Relationship Between Retransmission Capability, Word Length and
Blo

The Burst system is to operate with a 301B commnication circuit which is
capable of handling data at the rate of 40.8KBPS(L0,800 bits per second).
At that rate approximately 102 bits can be transmitted within the 2500
microsecond period. All input parameters consist of 8 bit words. If
these are to be retransmitted without modification (no compaction or other
processing) as 1s assumed to be desired, each period can contain 12 words
with 6 bits remaining., The total message can contain 400/96 tit periods
for a total of 38,400 bits of information per message. The 301B communi-
cation circuit can handle 40,8KBPS thus the maximum bandwidth utilization
efficiency (BUE) is 38.1/40.8 x 10049%5%.

2.1.7 Requirements for Timing and Sync

In a practical application, it will be necessary to provide Timing and
Synchronization words which require slots and it may be desirable to leave
a few slots vacant, hence the BUE actually achieved will be lower than the
maxirmum calculated above,

Burst synchronization must accomplish two results. First, it must provide
a means for identifying a specific part of the transmitted message so the
receiving terminal can decommtate and extract identifiable data., Second s
it must provide a means for correlating data within the blocks with the
"time of data" from the input source.

To achieve the first purpose a synchronization word must be generated and
periodically included in known slots of the Burst message. It has pre-
viously been established and reported that the optimum compromise between
sync time and BUE requires a sync word of from 20 to 30 bits every 1000 to
10,000 bits of the message (1), Thus, in this message which contains }0.8
KBPS a sync word must be transmitted between L and LO times per message
(second), or every 10 to 100 periods.

In order that the secomd purpose, correlation of Burst data with link data
time, can be achieved it will be necessary to establish and maintain a fixed
relationship between the time of Burst sync and the time of link sync,

2,2 TIMING OF BLOCKS FROM SINGLE INPUT LINK

Assume that only one input link is present. When the master sync word is
recelved from the input link the time of that occurence can be stored in a
memory and the Burst message program can be started, At some fixed time
interval thereafter a master Burst sync word will be transmitted in the first
slot of the first period of the message (1A). In some subsequent slot -
logically the next one - which is 1B - the stored time of link master sync
will be transmitted. A clock could then cause the entire Burst program to
be sequentially read-out at the rate of one period each 2500 microseconds,

If the 1ink data rate is correct the time of occurence of each sample relative
to link sync is imown. Selected parameters can then be read-out of memory in
blocks in which the time of all parameters are known., These blocks can be
subsequently Burst transmitted in spedfic slots of a Burst format and the
time of individual parameters can be reconstructed from the time word whi
appeared in slot 1B, '

(1) "PQM Telemetry Synchromization® by M. ‘Williard, 1961, Proceedings of the Nat'l

Telemetering Conference. 8



2.2.1 Effect of Input Link Rate Errors

If, as is the usual case, the link data rate is different from nominal,
the time of occurrence of all parameters will be in error from the time
expected, For instance, if a particular parameter were expected 50,000
microseconds after sync and the link data rate were in error by 0,05%,

the parameter would actually occur 49,975 or 50,025 microseconds after
sync depending on whether the rate were high or low, A time error in

the input data will carry over into a Burst message unless it is corrected
and, even more critically, a time error could cause parameters in a Burst
to be improperly identified,

2,2,1.1 Input Link/Burst Message Correlation at Message Rate

One possible technigue for correlating a Burst message with an input link
is to lock the occurrence of Burst master sync to a link master sync word,
In this manner the begimning of the Burst message is accurately referenced
to the input link, After that a clock in the Burst tramsmission teminal
can be used to control the rate at which the sequencer transmits each block
of data., It was previously stated that this system would read-out LOO
periods per second, hence the clock would cause one period to be readout
each 2500 microseconds,

As input data is received, a mumber of specified parameters will be selected
and stored in memory. At some later time these will be read-out in precise
intervals, after Burst sync, which are mltiples of 2500 microseconds, i.e.,
2500, 5000, 7500, etc, If the input link rate is in error by 0.05%, the delay
between time of receiving a sample and the time of reading out that sample
must contimally change by 1.25 microseconds per period (2500 microseconds)

in order to transmit that sample in the proper slot,

Figure 2 illustrates the change in delay between receiving and transmitting

a parameter required by a di fference between input rate and transmission rate,
An input rate error of 10,0% was assumed in order that the figure could be
more easily constructed and the effect would be more clearly shown, In the
figure the output parameter must appear in a position which begins 2000 micro-
seconds after the beginning of each period, Because the input parameter is
occwrring at a rate of 360 per second rather than 40O per second, the time
between subsequent occurrences is 2750 microseconds while the occumence of
transmission slots are at a fixed period of 2500 microseconds.

Therefore, the delay in period mmber 1 is 1000 microseconds; in period mmber
2 it is 750 microseconds, etc, If the figure were extended for two more per-
iods, 1t would be found that in the fifth period the input and output would
occur simultaneously (sero delay) and in the sixth period read-out would occur
before the data was received and, therefore, a block of ™o data" would be
transmitted,

The effect of a 0,05% rate error such as possible with Titan data has been
magnified in the previous discussion, however a similar effect will occur and
must be considered,
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The actual magnitude of a 0,05 £ input rate error can be clearly seen by
considéring synchronization of consecutive Burst messages. Becanse the
link master sync is being bransmitted at the rate of 20 per second and the
Burst sync at only one per second, every 20th link sync mmst be correlated
with Burst master sync, The varying delay between subsequent samples would
canse a time difference of 500 microseconds between every 20th input link
sync and each subsequent Burst master sync, If this difference were not
corrected the delay would continue to build up so that at the end of the
next Burst message a difference of 1000 microseconds would exist, and then
1500, and so on, BEventually, the charnge in delay would reach 2500 micro-
seconds and a full period would be elther dropped or transmitted twice.
Hence it is necessary to reestablish correlation of sync at least one each
Burst message., If the time base were shifted 500 microseconds in one step
to re-correlate sync, a noticeable and probably ocbjectionable jump would
appear in all visual display and decommutators may even become unsynchronized.

2.2,1.2 Burst Hessage[InEut Link Correlation at Input Channel Sync Rate

It has already been established that a nmumber of intemediate sync words
must appear in the Burst message. Each of these words could be correlated
with a 1link sync wrd, If this were done at the link sync rate of 20 per
second, the maximm time base error which could accumilate would be 25
microseconds, This could be more easily compensated than a 500 microsecond
error, would be less noticeable visumally, and would be less likely to inter-
fere with equipment perfomance,

In a gystem of this type, the transmission of all Burst sync words wuld be
delayed a fixed amount from the occurrenceof link sync, The occurrence of
Burst sync identifies the beginning of a Burst sub-frame and initiates the
first of 20 periods in that sub-frame, The subsequent 19 periods will be
controlled by a precision clock and will occur in precise 2500 microsecond
intervals, The 21st period (beginning of the next sub-frame) will begin when
the next sync occurs, If the input rate is correct, the next sync will occur
simultaneously with a 2500 microsecond interval and the Burst message will
contime with no time-base error. If, however, the input rate were low, the
following sync would not occur until sometime after the 20th period has been
completed, This would result in a delay, during which there is no transmission,
until the sync is received,

If, on the other hand, the input rate were high, the following sync would occur
before the 20th period is complete. Because the occurrenceof sync initiates a
Burst sub-frame, the 21st period would immediately begin, thereby decreasing
the length of the 2th period.

The Titan link has a specified accuracy of +0,05% hence the maximm possible
error in the time between successive syncs would be +25 microseconds, The
301B communication circuit, over which the Burst message is to be transmitted,
has a rate capability of 40.8KBPS, or 1 Wit per 24,5 microseconds, Thus, the
shortening of the period which would result if the input rate were 0,05%¢ high
would be approximately one output btit., To assure that a high input rate would
not cause a one bit loss of data, a period format could be used in which the
last bit (25 microseconds) was left vacant to serve as a guard 'band®,



Figure 3 illustrates two periods of the Burst message, one preceding and ons
containing a sync word, under the three conditions of no input rate error,
high input rate, and low input rate,

Figure 3-B illustrates the effect of low input rate and 3-C shows what happens
to a period and the Burst message when the input rate is high,

2.2.2 Corrections for Input Rate Error

In preparing a Burst message, the location and nominal time of occumence of
individual parameters relative to link sync will be known from the basic telem-
etry link format, Data samples from desired parameters will be stored in memory
and read-out in a block and transmitted as a Burst in a particular Burst period
and slot, Thus, the identity and nominal time of occurrence of each data word
within a particular block will be known, If the input rate differs from nominal,
the actual time of each parameter will be in error., If some means can be found
to estimate the amount of the rate error, a time correction can be computed and
applied,

The Burst format which contains message sync and time of link sync in every 20th
Burst period provides a method whereby the actual input link rate can be deter-
mined after the data has been Burst transmitted, If the input rate has no error
the time difference between two successive "time of link sync® words will be
exactly 50,000 microseconds, If, however, there is an error the time difference
will be some other value, which, when compared with 50,000 microseconds, will
equal the total time error that has accumlated during the previous sub~-frame,

A first order correction of the times of individual parameters can be made by
proportionally distributing the error in accordance with the nominal time of a
parameter relative to the tims of the preceding link sync,

In applying this tims correction in a linear mammer as previously described, it
has been assumed that during the 50,000 microsecond sub-frame time the rate error
remained constant, Although this is amasonable assumption when considering the
data rate to be derived from a well designed and constructed oscillator operating
in a controlled enviromment, it is not necessary to simply make this assumption,
By continually comparing successive sub-frame time differences, the trend of data
rate error can be determined, This will provide a means for evalnating the
effectiveness of the time corrections,

2020201 Ad‘vanges

Some of the advantages of the link/rate Burst method with link/Burst sync cor-
relation at the master link sync rate are:

1, No data sample from the controlling input link is ever "not transmitted®
or is transmitted twice,

2+ The maximum time error, even without correction, is limited to 25
microseconds,

3¢ A method of estimating the actual error and correcting the time of
individual parameters is provided,

12,
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2¢2.2,2 Other Characteristics

Several other characteristics of the link/Burst sync correlation at the
master link rate method (which may be disadvantages) are:

1., Absolute periodicity will not be obtained if the input data
rate varies from its nominal, For example, a time base shift
of 25 microseconds could occur every 50,000 microseconds. Such
a shift, however, would probably be unnoticeable, or at least
unobjectionable, on real-time visual displays, and because of
the ability to correct time errors it could be removed in pro-
cessing,

2, The 25 microsecond guard band which must be reserved because of
a possible shortening of a period means that LOO bits are lost
from the LO,8KB which the 301B circuit is capable of handling
each second, If it were desirable to modify the input data and
transmit variable length data words, this restriction would place
a real limit on BUE. As presently assumed, however, this is of
academic interest only, since 6 bits per period cannot be used,

2¢242¢3 Performance Uncertainj.l

In the periodic Burst system, each frame (interval between successive sync)
would be 50,000 +25 microseconds long, At the LO,8KBPS retransmission rate,
this is equivalent to 20401 bitsper frame,

Existing decommtators require a fixed number of bits per frame in order to
perform internal checks to reliahly achieve and maintain synchronization, In
order to implement a periodic Burst system it is, therefore, necessary to
Aavalan a anerial danammtatar. This snacial dacommtator wonld ba raoui red
to operate in a manner different than normal and would have to use techniques
vwhich have not been demonstrated. As with any development involving undemon-
strated techniques, some uncertainty exists., It does appear that the required
decommtator can be developed but questions concerning the performance and
linmdtations of such a device must be established,

The reason existing decommtators require a fixed mumber of bits per frame,

is in order that every true indication of sync recognition can be evaluated

by comparison against the recognition or non-recognition of subsequent sync
patterns, If a true indication is valid it is known that the next sync word
rmust appear after a fixed number of Wts have been coumted., Thus, the position
where subsequent sync words should be located has been established, The de-
commutation then "looks" for a sync pattern in that position. If such a pattem
is recognized a "true" imication is given, if no recognition is made a "false"
indication is presented, The decision as to the validity of sync is based on
the ratio between the number of true ad false indications over a selected
1nterva1.

In the periodic Burst system, however, the number of tits between successive
sync patterns may vary between 2039 and 2041. Hence, a precise posi tion where
the next sync must be located is not known and the decommtator must search for
sync throughout a "window" which is wide enough to include all possible locations
of the sync word,



If a search throughout the "window®" does not result in pattern recognition,

a "false® indication will be given, Failure to obtain a true indication may
be due to the initial recognition being erronecus and the sync position is
not valid, On the other hand, the initial position may be valid and failure
to obtain a ™truem indication may be due to a signal fade or to noise, It is
becanse of these latter possibilities that a final decision regarding sync
validity requires a comparison of the number of true or false indications
over some mumber of sync periods,

In this periodic Burst system the nominal sync periods are 50,000 microseconds
long but may actually be between 49,975 and 50,025 microseconds long. If the
initial sync position is valid but subsequent patterns are not recognized be-
canse of noise or fade, the window must be increased in width each subsequent
nominal sync period in order that the pattern search will cover all possible
positions, At the end of one period the window must cover 49,975 - 50,025
microseconds; at the end of the second period it must cover the interval of

2 (49,975) to 2 (50,025) microseconds, etc, until at the end of the nth period
it must cover n (L9975) to n (50025).

Figure li is the flow chart of logic which could be applied to a Periodic Burst
system decommutator, in order to achieve and maintain sync in spite of the un-
certainty as to the actual sync period,

When a t rue indication is initially received it is assumed that the actual sync
rate is nominal, and a 49,975 microsecond delay is begun. At the end of that
delay a search window is opened for 50 microseconds longer than required for
sync to be transmitted and an attempt is made to detect the subsequent sync
pattern,

If that attempt is successful, a true indication is noted and the delay counter
is recycled, If, however, sync is not detected a false indication is noted,

the delay 1s adjusted I1IOYT uy,ysu M1CIOSeCcOonas, anu Wi€ CULLLWEL 15 LBUyuicue

At the end of that delay period the window is opened for 100 microseconds longer
than the time nsedec to transmit sync, and an attempt is again made to detect
sync,

If this second attempt is successful a trme indication will be noted, the delay
will be reset for 49,975 microseconds with a "50 microsecond" window, and the
Jogic will be recycled, If sync is not detected, a false indication will be
again noted, the delay set for 49,925 microseconds with a "150" microsecond
window, and the logic will be recycled.

This process contimes until either a true indication is obtained or some pre-
selected mimber of consecutive false indications have occured. Each true in-
dication is noted and thé logic recycles with the delay set at 149,975 micro-
seconds with a "50 microsecomd" window,

Each false indication is noted and the previous setting of the delay is reduced
by 25 microseconds while the width of the window is increased by 50 microseconds
and the logic is recycled. After some preset nmumber of consecutive false in-
dications have occurred the equipment is judged to be ™ot in syne" and is
switched into a search mode,

15.
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There is little doubt that a decommtator of this type could be made to work
if adequate signal is available., The uncertainty is how low can the signal
to noisebsbefore the decommtator ceases to work, Some of the questions to
be answered are:

(a) what is the effect of contimally increasing the search window?

(b) What is the relationship betwsen the length of the sync pattern
and the allowable window?

(c) How many consecutive false indications can be allowed before
switching back to a search mode?

(d) How many bit errors can be allowed in a pattem before a false
indication decision is made?

2.3 Timing of Blocks of Asynchronous Data

In the previous section it was established that the Burst message would be
correlated with the Titan input link, thereby forming a pseudo-synchronous
relationship between the Titan input ad the Burst message. The effect of
this pseudo-synchronous relationship on the reconstruction of Titan timing
was discussed,

The Burst message is also required to contain blocks of parameters selected
from Gemini and Agena links, Becanse the Titan, Gemimi and Agena inputs are
asynchronous, the psendo-synchronous relationship between the Titan input and
the Burst message will not exist for Gemini and Agena. As a result, timing of
data from these links cannot be extracted from the Titan time reference and
separate time references must be transmitted for each of these two links,

In this section a method for correlating the time of parameters from the
asynchronous links is investigated.,

2.3.1 Technique for Correlating Data from Asynchronous Links

As in the Titan link, blocks containing specific data samples will be assembled
and Burst transmitted. The occurrence of each link sync forms the basis from
which the identity and tims of desired parameters are determined. Hence, some
correlation between link gync and the Burst message must be conveyed., If the
time that sync occurs on each link is stored in memory, that word can be later
read-out as a Burst in some particular slot, Becauwse the links are agynchronous,
the time of occurrence of each sync word relative to each other is unknown, hence,
the delay between occurrence of sync and the transmission of the time word cammot
be constant as with the Titan link but must be variahle so that the word can be
transmitted in a particular known Burst slot,

It was previously found that the pseudo-synchronous relationship between the
Titan input and the Burst message assured that no Titan block was ever "mot
transmitted® or was transmitted twice., Since that pseudo-synchronous relation-
ship does not also exist for the Gemini and Agena input links, it will be
possible for blocks from these links té be elther Mot transmitted" or trans-
mitted twice, Although this possibility cannot be eliminated, the event can
be recognized and compensating action can be takem.

17.




If the Titan input rate is correct, the Burst message will consist of periods
which contimously occur in 2500 microsecond intervals, Blocks assembled from
the asynchronous Gemini and Agena links are stored in memory and read-out in
Pre-assigned slots, If the input rates of these asynchronous links are also
correct, the delay between the time each block is assembled and the time it is
read-out will remain constant, If, on the other hand, the rate of one of these
links is in error, all blocks assembled from that link would have to be stored
for varying amounts of time before the proper Burst slot occurs., This varying
delay is cumulative, provided the rate error contimmes to exist, and eventually
a particular block could be read-out twice before being up-dated or it could be
up-dated twice before being read-out,

The Burst message will contain "time of sync" words for all links, These wrds
will be transmitted in Burst slots which occur at the nominal link sync rate,
If no rate error exists, the difference between successive "time® words will
equal the period of the particular sync rate and the delay between assembling
and transmitting each block has remzined constant,

If, on the other hand, the difference between "time" words does not equal the
nominal period of the sync rate a rate error has existed, The discrepancy
between the computed sync period and the nominal sync period is equal to the
change in delay which has been necessary during that time interval to assure
that the blocks were transmitted in the proper slots.

From the design of the message format it will be known what nominal delay will
exist between read-in and read-out of a particular block, It will also be
known from the design of the system what change in delay is possible before
erroneous data results. From thisgriori knowledge, a block which is in error
can be identified and from the history of the error between the actual and nomi-
nal "time of sync® it can be determined if the block was transmitted twice or if
a DIOCK Was not transmitted atv all,

Once such an event has occurred, the system will again operate normally, trans-
mitting properly identified blocks, until the change in delay again builds up
to the point where an erroneous block occurs again, The time between successive
occurrences of this event is equal to the nominal period of the input rate
divided by the input rate error.

A similar condition would result if the Titan input rate were in error, causing
the Burst periods to be transmitted at an "erroneous" rate, and the asynchronous
link rates were correct., The occurrence of an erroneous block in this case
would be identified from information extracted by comparing the times of suc-
cessive Titan syncs.

All links could simultaneously have input rate errors and the occurrence of
erroneous blocks would result from the combined effect, The identification of
the event in this case requires information to be extracted from the Titan time
of sync and the time of sync of each asynchronous link,

i8.



2.3.2 lLimitations on Slot location of Asynchronous links Time Words

In selecting the slots for Gemini and Agena "time of sync" words, it is
nacessary to consider the maximum difference which is possible between the
time of the Titan sync to which the first period of the Burst message is
locked, and the time of sync of each of the other two links. The longest
time difference possible would result when Titan sync occurred immediately
after one of the other sync words, The maximum time difference would then
be equal to the sync period at the sync rate of the particular link, The
Gemini sync rate is LO per second, hence, the greatest possible delay is
25,000 microseconds or 10 Burst periods, Agena sync rate is 16 per second
resulting in a maximum time of occurrence difference of 62,500 microseconds,
or 25 Burst periods, A sync word from each will always occur within those
time intervals and slots must be provided, for transmission of the "time of
synch words, someplace within the calculated number of Burst periods. All
possible time differences appear equally likely and, therefore, the time
words could be transmitted in any convenient slots,

2.1 Design of Chamnel Formats

It has previously been established that the Burst message would consist of

40O periods per second each of which is divided into three slots, The message,
therefore, contains three interlaced Burst channels of LOO slots per second
identified as A, B and C.

The LOO periods per second were selected as equal to the highest rate data
from which parameters are to be assembled into blocks and transmitted periodic-
ally. Hence, one complete Burst channel must be reserved to blocks of LOOSPS
parameters and channel C is so assigned. This results in two channels being

Al Tt o Dave the Thewad dumanamt cad an A8 avna  +ima mafavancrae and athawr Aatn .
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It seemed desirable to begin the message with a Burst sync word, therefore,
channel A is assigned for this purpose and Burst sync words will appear in the
first period and all subsequent ones which correspond to the Titan sync rate,
in this case, periods 1, 21, L1, etc.

Because all Titan data blocks will be referenced to the time that Titan syne
occurred, it is desirable to transmit the time word as soon after sync as possi-
ble. This time word will be transmitted at the same rate as Burst sync and will
occupy corresponding slots in each Burst sub-frame, The Titan time word could be
assigned to the previously unused channel, channel B, and placed in the same
periods as the Burst sync words, or it could be assigned to the same channel as
Burst sync and placed in subsequent slots, If the message were divided into only
two channels, it would be necessary to use the latter type placement, however, in
this case where three channels are available, Time of Titan sync is assigned to
chamnel B in the same periods as Burst sync, i.e., 1, 21, L1, etc,

After these assigmments have been made, vacant slots to which data blocks can
still be assigned are available in channels A and B, There are 380 identically
placed unassigned slots in each channel, Because each Burst channel can be con-
sidered as a separate identity and to do so simplifies the procedure, the formats
of each channel will be independently developed,.

19.



2.k, Separation of Successive Blocks

For blocks of data to be periodically transmitted in a Burst chammel, it is
necessary that successive blocks appear in slots of the Burst channel which
are separated by a fixed amount., The amount of separation required is equal
to the total slots per second divided by the input data rate, or, in this
case, 40O slots per secomi/R, samples per second. The required separations
have been computed for each of the input rates from which periodic blocks are
to be transmitted and are listed in Table IIT.

Table III

Input Rates Vs Separation of Successive Slots

Input Rate Slot Separation
400 SPS 1
200 2
100 L

Lo 10
20 20
16 25
10 Lo
1.25 320
1.0 00
0.h16 960
0.25 1600

2.,4.2 Effect of Non~-Compatible Slot Separation on Burst Format

One of the implications which can be drawn from Table IIT is that, while success-
ive blocks from a given input rate must maintain the listed separation, it may
not necessarily always appear in the same slot of successive Burst chammel frames
(messages), For example, the separation of successive slots of 1.25SPS input data
is 320 while the Burst chammel frame contains LOO slots, Hence, if one block of
1.25 SPS data appears in the 200th slot of ons frame, it would appear again 320
slots later, or in the 120th slot of the subsequent frame. While this does not
violate the requirement for maintaining periodicity, it does require that differ-
ent slois be identified and reserved for this data in successive frames, and
therefore, the problem of designing the Burst format is further complicated,

20,




2.4.2,1 Possible Methods for Circumventing the Problem

One obvious method of circumventing this problem would be to transmit blocks,
from this input rate, non-periodically, and if only one or two input channels
at this rate were involved, might be a very practical solution., Another
approach could be to increase the Burst frame time so that enough slots are
provided to allow the same ones to be used for this data in successive frames.
Referring to Table IIT again, it can be seen that if the number of slots in the
Burst frame were increased to 2000, the same slots would be assigned in sub-
sequent frames, The requirement for a Burst channel rate of LOO per second has
been previously established, however, considering a frame (message) to be one
second long was somewhat arbitrary, although practical, since all but three of
the four lowest of the specified input rates fit perfectly and could be extended
integer miltiples of 1 second if to do so would significantly alleviate the
problem of designing the Burst channel format,

2.4.2,1.1 The Synthetic Input Rate Msthod

Another technique appears to have a congiderabls amount of merit in that it
would alleviate the format design problem without changing the definition of a
frame and still have applications in other anticipated formatting problems area.

If five consecutive frames of 1.25SPS tlocks are considered, starting in any
arbitrary slot (200 will be used), it is found that successive blocks occur in
successive slot locations 200, 520, 840, 1160, 1480, 1800, 2120, The identifi-
cation of these slots in successive frames is 200, 120, WO, 360, 280, 200,

From the above, it will be noted that the occupled slots in successive frames are
separated by 80 slots, which is the same as would occur if blocks from a SSPS
input rate were being transmitted. Hence. if thm Rurat format wara Adeeionad +a
handle a 5SPS input rate, and five separate 1.25SPS input were used to provide
data in the proper subsequent slots, a 5SPS input would have been synthesized
and the data could be satisfactorily transmitted, The process of accomplishing
this is to: first, assume a data rate which is related to the actual input rate
as an integer (i.e., 5/1.25 = }/1) and which also results in a slot separation
which is related to the total mumber of slots as an integer (i.e., 400O/80 = 5);
second, select a suitable slot in the Burst channel dnd detemins all subsequent
slots required by blocks from the assumed input; third, synthesize the assumed
input rate by placing a block from one input channel at the actual rate in the
first slot, a block from another input channel of the actual rate in the next
slot, a block from a third irput channel in the next slot, etc, If enough in-
puts channels at the actual rate are not available to £i11 all slots at the
synthetic rate, some of the slots assigned must be left blank,

2,1s3 Position of Initial Block

Part of the problem of integrating blocks from any input channel into a Burat
chammel which also contains blocks at other input rates is to detemine the

permi ssable slot locations for the first block, at each rate, in the Burst fomat,
If it is assumed that a block from any input channel appeared in the last slot of
a Burst frame, a block from that same input charnel will appear some mumber of




slots later, as listed in Table III. Hence, the initial block at each rate
mst be placed in the Burst format in 3 slot which is no further from the
beginning of the Burst message than the separation of subsequent blocks within
the input format as shown in Table II, In other words:

(1) A block of LOO SPS data must be placed in the first period,

(2) A block of 200 SPS data must be placed in either the first or
second period,

(3) A block of 100 SPS data must be placed in one of the first
four periods,

(h) Etc,

2.5 Development of Burst Channel Formats

In the format shown in Figure l, it was shown that the first Burst period con-
tains Burst Sync in slot A, Time of Titan Sync in Slot B, and a block of LOOSPS
data in Slot C. This meets the criteria previously expressed that a block of
LOOSPS data must appear in Burst slot mumber 1, but at the same time it is also
shown that the whole first Burst period has been assigned. Hence, the only
period still available for a block of 200SPS data, which meets the criteria, is
number 2, and, therefore, a slot in period nmumber 2 must be assigned to 200SPS
data, Subsequent blocks of data from the same 200SPS input chamal will appear
in Burst periods L, 6, 8, 10, 12, etc,

By nature of this format, periodicity between slots occur in any one Burst
channel, Hence, if the first 200SPS block is placed in Burst channel "B", all
blocks of that data will appear in Burst channel "B" and the slot assignments can
be uniquely defined as 2B, lB, 6B, 8B, 10B, etc, Likewise, if the first block
were placed in Burst channel A, all subsequent blocks of that same data would
appear in the same Burst chamel, At this point in the development of the Burst
MOSSARSy CUAILEeLlS A 44U D are LUl uivat (wuia.i.u.i.ug ULASSLENSU BLUUS LIl #i1
periods except 1, 21, L1, etc,) and obviously both channels are equally

capable of handling 2000SPS blocks. Once an assignment is made for the

200SPS data, the two Burst channels are no longer equally available for the
assignment of additional input channels and the selection of a particular Burst
channel for data from a particular input chamel may become important as will be
shown later, For the present it will be assumed that Burst channel "A" contains
the 200SPS blocks,

2.5.1 Selection of Input Channels for Burst Channel "A"

The development of the Burst message will continue by first attempting to com-
pletely f£ill Burst chammel A. ¥rom Table II it can be seen that the higher the
input data rate the more restrictive is the placement of the first block, i.e.,
at LOOSPS only one period is allowed, at 200 two choices exist, etc, Therefore,
the best approach in assigning slots is to consider the more difficult ones
first. The next most difficult of the still unassigned rates is 100SPS and is
the next ons to consider,
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From the previously expressed criteria, a block of 100SPS parameters must be
assigned to one of the first four periods, These blocks will be placed in
Channel "A"hence the initial block of these 100SPS parameters must be assigned
to slot 1A, 2A, 3A or LA, But slot 1A has already been assigned to

Burst sync and slots 28 and 4A will contain blocks of 200SPS parameters,
Hence, slot 3A is the only available slot which meets the criteria and must
be assigned to a block of 100SPS.parameters. Subsequent blocks of the same
parameters will appear in slots 74, 114, 154, etc.

Burst channel "A" now contains 200 blocks of 200SPS data, 100 blocks of 100SPS
data, and 20 blocks of Burst sync, BEighty slots are still unassigned, The
next highest input rate is LOSPS, two channels of which would equal the 80 slots
available and, if these can be integrated into the Burst message, would result
in a 1007 assigmment of Burst channel 3,

2.5.1.1 Incompatability of LOSPS Input Channel

Placing a block of LOSPS data in the first previously unassigned slot, which is
mumber 5, it is found that subsequent blocks fall in slots 15, 25, 35, L5, 95,
etce It is immediately apparent that since blocks of 100SPS data have also been
assigned to slots 15, 35, 55, etc., the LOSPS block cannot begin in slot number
5. If the imitial 4OSPS block is aasigned to the next vacant slot, #9, subse-
quent blocks appear in 19, 29, 39, L9, etc. which again interferes with blocks
of 100SPS data. The occurrence of the interference between LOSPS and 100SPS can
be seen to follow a pattern such that every fifth slot of 100SPS data interferes
with every second slot of LOSPS data, It will be noted that the ratio between
interfering slots is 5:2 which is equivalent to the ratio of input rate, 100:L40,

2.5.1.2 Integration of 20SPS Blocks

Since it has been found that the 1OSPS blocks cannot be placed in the Burst
charmel A message, and it is desired to fully use the channel, the feasibility

of integrating blocks from input channels at the next lower available input rate
(20sPS) will be considered, Four such input chamnels would be needed to fill the
80 slots which are still unassigned., Starting with the 5th slot and then the next
successive unassigned slots, it is found that the four 20 SPS input channels will
result in blocks appearing in slots as shown in Table IV,

Table IV
20 SPS Input Channel Slot Assignments
# 1l 5’ 25’ hS, 65’ 85, etc,
#2 9, 29’ h9, 69, 89, etc.
#3 13: 33, 53, 73, 93’ ete,
#h 17, 37, 57, 77’ 97, etc,

Comparing these slots with those previously unassigned, it is found that all of
these had been unassigned and, therefore, this mix is acceptable and Burst chan-
nel "A" has been 100% filled,
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In reviewing the above attempts at defining a format for Burst channel A,
it is noted:

(1) A successful format was developed which contains periodic
blocks at input rates of 200SPS, 100SPS, and 20SPS;

(2) It was not possible to develop a format containing periodic
blocks from inputs at rates of 200, 100 and LOSPS; the 100
and LOSPS blocks interfered with each other but neither of
them interfered with the 200SPS blocks;

(3) It will be noted that the channels that did not interfere
were related as 200:100 = 2:1, 200:20 = 10:1, 100:20 = 5:1,
200:140 = 8,1, whereas the channels which interfered were
related as 100:L40 = 552 = 2,5:1, This leads to a tentative
conclusion, the input rates of data which can be Burst
transmitted in periodic blocks must be related as an
integer.

2.5.2 Development of Burst Channel "B" Format

The format for Burst channel "B" is yet to be defined and input chamnels which
must still be integrated into the message occur at input rates of LO, 16, 10,
1,25, 1.0, 0,416 and 0,25 per second, Those which are likely to interfere
have been determined and are listed in Table V,

Table V

Non Interferlng_ Interfering
010 L0:16
ho:1,.25 16:10
h0e1 16:1.25
ho:0.1116 16:0.416
140:0.25 1.25:1
16:1 1:0,416
16:0.25 0.416:0,25
10:1,25
10:1
10:0.1'16
10:0,25
1.25:0.&16
1.2520.25
10030025

2.5.2.1 Alleviating the Non-Compatability Problems

One of the first things which can be noted from Table V is that the 16SPS input
channel is the main contributer to the interference problem, If a fomat con-
tained many slots and only a small percentage of them were to contain data
blocks, it is possible that some arrangement of data could be found by trial

and error which would allow non-compatible rates, such as 16 and 4O SPS, to both
be periodically transmitted, By developing blocks from only one input channel
at each of the still umused rates, a total of approximately 69 slots would be
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required, The LOO slots available in the Burst channel may be sufficient to
allow the 69 blocks which include non-compatible rates to be periodically
transmitted but only 17.8% of the Burst channel capatility would be used.
Such a low utilization of bandwidth would nomally be cornipletely unacceptable
and, therefore, a procedure for obtaining a greater efficiency from the Burst
chammel is required,

An obvious way to achieve this would be to periodi cally transmit blocks of

data from only those input channels which are compatible and to tramsmit blocks
from those input channels which might interfere, non-periodically, in conven-
ient slots, When this is done, a memory capable of storing all non-periodically
transmitted blocks (parameters), must be provided at the receiving terminal
from which parameters can be periodically readout for display by a local clock,

It is apparent that the more non-periodic blocks included in the Burst message,
the larger (and more expensive) will be the required memory at the receiving
terminal, Hence, it is desirsble to find a means of limiting the nunber of
non-periodic blocks within the fomat,

2.5.2.2 Synthesis of a Compatible Input Rate

Another approach to transmitting non-compatible data in a periodic manner and
still achieve an acceptable utilization of bandwidth appears possible., Con-
sidering the 16SPS and the LOSPS input channels as the ones most likely to cause
trouble, it seems that if these can be compatibly transmitted periodically, the
major part of the problem will have been solved.

The two rates are related as 40:16 = 5,2, It can be recognized that if 5 of the
16sPS input channels could be combined to resemble an BOSPS channel, two compat-
ible rates (LO and 80SPS) would result, A procedure for accomplishing this could
congist of assigning slots of the Burst channel to an 80SPS input channel and
uien Syntnesizing such a channel by the proper placement of 16SPS blocks, as
previously discussed in section 2.4.2.1.1.

Consider the Burst channel "B" which is being developed, This channel contains
LOO slots but 20 of them (1,21,L1,etc, )have already been assigned for "Time of Titan
Sync", As was previously discussed, it is necessary for a block of data which
is to be periodically transmitted at any specified rate, to be placed in a slot
(Burst period) which is located no farther from the begiming of the Burst mes-
sage than the ratio of total slots to input rate, section 2.4, A block of the
synthetic 80SPS data must, therefors, be placed in one of the first 5 Burst
periods, i.e., (00/80 = 5), The first period has already been assigned, hence,
the 80SPS channel can begin in periods 2, 3, L or 5, If slot 2 is selected,
the 80SPS channel will have the following slot assignments in the Burst format
(Burst channel™B® );

80sPs - 2,7,12,17,22,27,32,37,42,47.52,57,62,72,77,82,87,92,97, etc.

Five input channels of 16SPS data can be used %o synthesize the above data, as
shown in Table VI,
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It must be recognized that the above slots are assigned to an 80SPS "channel®
and even if 5 separate 16SPS inputs are not available from which data can be
obtained to f£ill the synthetic channels, the format must be maintained, with
vacant slots if necessary. For example, if only two 16SPS channels are avail-
able, the 1lst and 2nd for instance, the other three slots must be provided.

This synthetic technique is similar to the one previously discussed in section
2.4.2.1.1. however, there is one major dif ference., The previous application
of this technmique was to identify slots in subsequent frames so that blocks

of data at rates which are "non-compatible" with the basic Burst message can
be satisfactory Burst transmissions. In this instance, however, the input
rates are compatible with the Burst message and samples in consecutive frames
will occupy the same slots, but the data from which the synthetic input is
being developed is not compatible with some of the other input rates and the
synthesis is used to obtain that compatibility.

A total of 100 slots of Burst channel "B" have now been assigned - 20 for
Titan timing and 80 for data from 16SPS input channels, Therefore, 300 slots
are still unassigned and can be used for blocks of data from L0, 20, 10, 1.25,
1.0, 0.25, or 0.416SPS input channels,

2.5.2.,3 Inclusion of Blocks from Other Input Channels

Blocks of data from those of the remaining inputs which are compatible with the
synthesized 80SPS ™input® and which result in slot separations which are com-
patible with the Burst message (LOO slots) can easily be incorporated into the
message format, This can be accomplished by selecting the lowest slot still
unassigned and determmining the slot location of successive blocks at the rate
selected, Then other input channels (of the same or different rates) are
selected and the process repeated., This is the procedure which was used in
developing the Burst channel "A" format when only a few high rate input channels
Woll SoYUAITU LU Li11 WS DUL DU MESSAECe LUT UdUd WUIGL will UGS AVALLIAULE W
complete the Burst channel ®"p" format, however, occurs at low rates and many
separate input channels will be required, The procedure used in developing
Burst channel "A®, while workable, would prove awkward., Hence, the "synthetic
input® method can again be used to advantage.

2.5.2.3.1 Application of Synthesis to Formatting "Compatiblé Inputs

The synthetic "inputs" which can be used to aid the fomat design must be related
to 80SPS and 20SPS as integers and must result in block separations which are
related to LOO slots per second (message length) as an integer and must be less
than 300, since only 300 slots remain unfilled, Rates of 80, 160, and 2LO meet
the first and last criteria but only 80SPS also meet the second criteria (certain
lower rates also meet all criteria but since the purpose of this procedure is to
decrease the number of "inputs" to be integrated into the Burst message, it will
not be considered), hence, other 80SPS "inputs" must be synthesized,

In section 2.5.2.2., it was shown that all 80SPS "inputs" must begin in periods
1, 2, 3, bk or 5. In previous parts of this development, slots in the first two
periods have been assigned, hence, satisfactory starting slots are in periads 3,
L and 5, The location of slots of 80SPS winput" data, in the Burst channel ®pn
format, have been determined and are listed in Table VII.
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Table VII
Location of Slots from 80SPS "Input Channels

INITIAL
S1oT SUBSEQUENT SIOTS

2 1,12, 17, 22, 27, 32, 37, k2, L7, 52, 57, 62, 67, 72, 77, 82, 87, 92, 97, 102
3 8,13, 18, 23, 28, 33, 38, L3, L8, 53, 58, 63, 68, 73, 78, 83, 88, 93, 98, 102
L 9, 1, 19, 24, 29, 3L, 39, bk, L9, 5k, 59, 6k, 67, 7k, 78, Bk, 89, Sk, 99, 102
5 1o, 15, 20, 25, 30, 35, Lo, k5, 50, 55, 40, 65, 70, 75, 80, 85, 90, 95,100, 105

Three additional 80SPS "input channels®™ can be synthesized from various combinations
of input channels. Blocks can be included in a single synthetic B0SPS Minput chan-
nel® provided they meet the criteria previously established, i.e., the rates must
be related to each other and to 80 as integers and the slot separation of miccess-
ive blocks must be related to LOO as an integer. Table VIITlists combinations of
input channels which are still available and which can be used to synthesize an
80SPS "input channel®,

An examination of Table VIITwill provide an indication of the combinations which
can be used in synthesizing each 80SPS "input chamneln,

It should be noted that these synthetic B0SPS chamels are used only to aid the
design of the format and lose their identity once that purpose has been served.

After all four synthetic ™inputs" and Time of Titan Sync have been assigned slots
in the Burst channel "B", 60 unassigned slots remain, These still unassigned slots
are located in Burst channel "B" of the following periods:

6, 11, 16 26, 1, 36 L6, 51, 56 66, T1, 16, etc.

It will be noted that these vacant slots occur in groups of three, and the cor-
responding slots of subsequent groups are separated by a mumber of slots equiva-
lent to that of a 20SPS input channel, These slots could, therefore, te used
for the periodic transmission of blocks at compatible input rates of 20, 10,
etc, There remains, however, two input channels which have not yet been used
to provide blocks, These are 1,25SPS ami 0.L16SPS.

2.5.2.3.2 Application of Synthesis to Formatting "Non-Compatible" Inputs

It was previously discussed (section 2.4,2.1.1) how a compatible 5SPS "input®

could be synthesized from four 1.255PS input chammels., If the slot separation
at 5SPS is related as an integer to the separation at 20SPS, blocks from the

1.255PS input chamels can be periodically transmitted in the slots which are
still unassigned, The slot separation of 20SPS blocks is 20(Table II) and the
slot separation at 5SPS is 400/5=80. These two separations are related as an
integer, therefore, 1.25SPS data can be periodically transmitted in the slots
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Table VIIT

Combinations of Input Channels to Synthesize an 80SPS Channel
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still available., It is apparent that rather than first considering a synthetic
minput® at 5SPS, an "input" at 20SPS could have been synthesized from 16 input
channels of 1.25SPS data.

If a synthetic "input" of 5SPS is used, the number of 1,25 input channels which
could be incorporated into the remaining 60 slots can vary in L input channel
increments between L and 4B, while maintaining full utilization of the band-
width, If the 20SPS "input" were synthesized, full bandwidth utilization could
be obtained in 16 input channel increments only. Since these synthesized "input
channels™ are artificial and used only as a convenience in designing the fomat,
it may be desirable to synthesize both 20SPS and 5SPS channels, depending on

the mumber of 1.25 input channels available and the number of slots which must
be retained for the still unassigned 0.416SPS input chamel,

Blocks from all input chamels, except the 0,L16SPS channel, have been incor-
porated into the Burst message. Blocks from that chammel (0.416SPS) will now
be considered,

Referring to TableITI, it is obvious that the 0,L14SPS input channel does not

have a channel separation which is compatihle with the LOO slot message and the
blocks cannot be directly included in the format. By using the synthetic "input®
method it was possible to include another ™on-compatible™ input chammel (1.25SPS),
and possibly the same approach can be again used, It will be noticed that 0.l416
appears to be a "rounded off" value and is actually 1/3 of 1.25. Assuming that

to be the case, it follows that another 5SPS "input" can be synthesized from

0.116 input channels,

Table IX illustrates how 12 of the 0,L16 input chammels can be used to load a
synthetic 5SPS "channel", placed in a "20SPS" group of the still unassigned
slots,

Figure 6 depicts three consecutive frames of the same "20SPS" group and shows
how these slots are filled by 12 input channels of 1,25SPS blocks, and 12 input
channels of 0,416SPS data,

It has thus been shown that blocks from both 1,25 and 0.L16SPS input channels

can be simultaneously periodically transmitted in the remaining slots, Table X
lists same of the combinations which are possible,

31,



9Me
98
991 .
9
98
92€

| 4

92€
991
ome
98
99T
9
98
92¢
9
9Me
92€
991

one

93¢t ”
991
9

N~ N ™ g WM O ~ © O

SINdNT
SdS9Th 0

92€ 9Nz 991
99T 989 92€ 92 99T 98 9 92€ M2 99T 98 9 92€ 912 99T 98 9 92€ 9N2 99T 98 9  IVKNOJ SdSS
ouWBI
d ns ewrex ] yai| oUBIJ] DIt ° Bl pug ouelq 38T

XTI 91q®l

32,



Input Chamnels 0

()

Table X
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1.25 1.0 0.l16
0 0 0
o 0 0
8 0 0
L 5 0
3 5 3
2y 0 2L
36 o 36
L8 0 )
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2.5.2.3.3 Transmission of Blocks of Non-Periodic Parameters

In section 2,1, it was decided that blocks of 64O and 160SPS parameters would
be Burst transmitted without maintaining the periodicity of the parameters,
The Burst chanmels are arranged so that all slots occur periodically amd it is
therefore necessary to assign suitahle slots and force blocks which are non-
periodically assembled to be transmitted in those slots.

A basic requirement of any retransmission system is that all data which is

stored during some time interval be transmitted in an equal or lesser time inter-
val, otherwise the amount of data in storage will contimally accumulate until
eventually the memory will become saturated,

The definition established for Burst periods and slots was based on the maximum
transmission capacity of the commnications circuit, If the periods are divided
into three equal length slots - as assumed for this part of the study - the
maximum amount of data which can be selected and stored between successive Bursts
is limited to 32 bits - four 8 bit words. Hence, no data block can contain more
than 32 bits,

A block of this ™on-periodic® data could contain 1, 2, 3 or 4 words. These
words could represent separate parameters or they could represent the previous
1, 2, 3 or L occurrences of a single parameter. A block containing separate
parameters would be updated every 106/640 = 1560 microseconds regardless of the
number of parameters within the block, If the block contained a 1, 2, 3 or L
occurrence higtory of a single parameter, it wuld be updated every 1560, 3120,
1680, or 62L0 microseconds, respectively, As was previously pointed out, the
blocks would have to be Burst transmitted within the time interval at which it
is updated, to prevent saturation.

The updating intervals, computed above, correspond to rates of &40, 320, 243,

— % =m S Aamemn

k-t -I-WIJAU, LW&IGV;;'C.LJ. AL U.: weoe :L'Q;IUD: [-¥8 -] wmga.;.u.u.l.c WLVIL & H4VW DU v
per second channel amd, therefore, these blocks cannot be directly merged into
the format, The problem then becomes establishing a method for assigning slots
to data of these ™rates".

If a rate of 6LOSPS is considered, it is immediately seen that while Burst slots
of any chammel occur only every 2500 microseconds, parameters are updated every
1560 microseconds, If blocks of 6LOSFS parameters are to be Burst transmitted
in 40O SPS slots, it is evident that some blocks will have to contain a two
occurrence history of a parameter and others could contain only a one event
history of the parameter, Because of this, only two separate parameters can be
handled and some blocks would contain only two words and others would contain four
words, The ratio of input rate to Burst rate is &40/L00 or 8/5. Hence, every
five blocks must contain eight occurrences of the parameter and, therefore, three
of the five blocks must contain four words and the other two blocks will contain
two words each, It is obvious that in order to transmit only two 640SPS param-
eters, a complete Burst channel is required and the efficiency of utilization of
the chamnel is 1li/20x100 = 704,
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If only one 6LOSPS parameter is to be transmitted, blocks containing three and
four occurrences could be assembled, The times required to assemble these
would be L4680 and 620 microseconds, respectively, and the assemble "rates®
would be approximately 213, and 160 blocks per secomd, If these blocks are

to be transmitted at a 200SPS rate, it will be seen that some block will con-
tain three occurrences and other blocks will contain four occurrences, Two
hundred (200) blocks must then contain 640 occurrences of a parameter, The
input/output ratio is €i0/200 = 16/5, Therefore, 16 occurrences of a para-
meter must be assembled into five blocks, For this to be achieved, four
blocks would have to contain three occurrences each, and the fifth block would
contain four occurrences., Only about half a Burst channel wounld be required,
and the assigned slots would have an utilization efficiency of 16/20 x 100=80%.

Blocks of 160SPS parameters could be handled in a similar fashion, At this rate,
parameters repeat in 6240 microsecond intervals, Hence, a block of one occur—
rence of each parameter therein could be assembled each 6240 microseconds.

Blocks which contain 2, 3 and k successive occurrences of a single parameter
could be assembled each 12,480, 18,720 and 25,960 microseconds, respectively.

Because the input rate is lower than the rate at which blocks can be trans-
mitted, it will be possible to assemble blocks of four separate parameters and
Burst transmit these at a rate which is compatible with the Burst channel, A
200 block per second Burst rate could be used, however, no blocks would be
available for transmission in some slots and blanks would result.

If only two 160SPS parameters were to be transmitted, these could be handled at
a 100 block per second rate, Under these conditions, 160 occurrences of each
parameter would have to be assembled into 100 blocks, The input/output ratio
1s 160/100 or 8/5, the same as previously discussed for the 640 to LOO case,
and every 5 blocks would consist of 3 blocks of L words and 2 blocks of 2 wordse

If only one 160SPS parameter is to be transmitted it would be possible to assem-
ble L occurrence blocks. These would be assembled at a LO block per second rate
and they could be Burst transmitted at the same rate, thereby fully utilizing
the assigned slots,

20503 S‘mm;z

The Burst message which has been developed consists of LOO periods per second
each divided into three slots, thereby forming three Burst charmels identified
8.8 A, B md c.

(a) Burst channel "C" contains blocks of LOOSPS parameters plus a guard bit.
(b) Burst channel "B" contains:

(1) Time of Titan sync (20 blocks),
(2) A synthetic 80SPS channel of:
L - 16SPS Agena input channels and
1 - 16SPS "Time of Agena Sync" (80).
(3) A synthetic B0SPS channel of:
1 - 4OSPS Time of Gemini Sync and
1 - LOSPS Gemini Input Channels (80).
(4) 2 Synthetic 80SPS Channels of
Lo, 20, 10, 1.0 and 0,25SPS Input Channels (160),
(5) 3 Groups of 20 SPS slots containing combinations
of 20, 10, 1.25, 1.0 and 0,416 Input Channels (60).



(c) Burst channel "A" contains:

(1) Burst sync (20),

(2) Blocks of 200SPS "Titan" parameter (200).

(3) Blocks of 100SPS "Titan" parameter (100).

(k) A synthetic 80SPS "channel® containing l input channels
of Titan 20 SPS parameters (80).

2.5.3.1 Burst Channel Bfficiency

Burst chamel efficiency is the ratio of total slots containing data to total
slots available and is a measure of how well the format has been designed. There
are 00 slots available in each chamnel tut same of these are used for sync and
"Timing® and are, therefore, not conveying data, hence channel efficiency is
reduced,

Table XI lists the number of slots in each chammel which are used for different
purposes and shows the channel efficiency which results:

Table XI
Channel Data Burst Sync Timing Unmused Efficiency
A 32k 20 0 0 95%
o 28n n < n ol
c 400 0 100%
Total Message 110l 20 76 0 92.2%

As was pointed out in section 2.1.6, the combination of communication circuit
capability (LO.BKBPS) and fixed word length of 8 bits per word, results in each
"block" being capable of containing 32 bits with 6 bits each period remaining,
As a result 6f this the 110l data block can contain 35,328 bits to provide a
bandwidth utilization efficiency of 35,328/L0.8 x 100 = 87.8%.

The efficiency of Burst Channel "B" can be increased by transmitting tims of
Gemini sync at 20 per second rather than LO per second (transmit every other
occurrence) to 85,68, This would result in a Total Message Efficiency of 93.6%
and a bandwidth utilization efficiency of 89.9%.

A further increase in bandwidth utilization efficiency would require that variable

length data words be transmitted, If that were done, ore hit per period would
still be lost as a "guard band® and the limit on BUE would be 95,0%,

37.



2.6 Composition of Blocks

The technique being examined herein requires that blocks of data, containing
prespecified parameters which occur at kmown ™nominal" times on a specific
telemetry link, be assembled and transmitted in a "Burst". In order for this
to be possible, it is obviously necessary that the parameters occur before

the block is readout. Hence, there is a relationship between the time of
occurrence of all parameters in a block and the time that block is transmitted.

It has already been established that the Burst message will consist of periods
which occur in 2500 microsecord intervals and, for retransmission via the
L0.8KBPS 301B commnication circuit, each period is capable of containing 102
bits, If all data is in 8-bit words, a period can contain 12 words and &-bits
will remain, Each period must be divided into three slots which are capable
of handling blocks which contain integer numbers of data words,

It has also been established that a guard slot equal to approximately l-bit

mist be placed at the end of all periods which precede the Burst sync word,

For convenience in preparing a message format, the "guard slot" will also be
placed at the end of each period,

In section 2,1 it was shown that each Burst period could contain 96 data bits,
divided among three blocks. The sizes of each block was not specified, other
than to point out that all blocks of a Burst channel must be of equal length,
Now, however, the size of a block will enter into the study and must be defined,
The 96 data bits within a period can be divided into equal length blocks of 32
bits each (4-8 bit words); or in other ratios, to the point where one block
contains 10 words (80 bits) while the other two blocks contain 1-8 bt word
each. The time required to readout a block on the 301B commnication circuit
is 196 microseconds per word, Time to readout blocks of various sizes from

1 to 10 words long is given in Table XII.

Table XIT
Word/Blocks Readout Time (microseconds)
1 196
2 392
3 588
L 78L
5 980
6 1176
7 1372
8 1568
9 1764
10 1960

For this study it will be assumed that all data blocks will contain L words,
therefore all data slots must be 78} microseconds long.
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It has previously been established that siot "C" must always contain a block
of LOOSPS parameters plus a guard bit, hence slot "C® must be 809 micro-
seconds long and must begin 1691 microseconds after the beginning of each
period,

Slot "A" contains either data blocks or a block of burst sync plus sub-frame
identification. This slot begins at the start of each period and is 784
microseconds (32 bits long). Five of these bits must be used to identify
one of 20 sub-frames, hence, the burst sync pattern is limited to 27 bits.

Slot "B" will then be 2500~(78L4+809) = 907 microseconds (37 bits) long. This
slot starts 784 microseconds after the beginning of each period.

In the Burst format previously developed, the Burst sync slots occur some fixed

delay (time) after occurrence of Titan master sync., The time at which all Burst
slots (beginning of block readout) occur are fixed to that event. Tt is, there-

fore, possible to establish a chart showing the times after beginning of Burst

sync when each data slot begins, Once this has been done, a basis for identify-

ing the specific Telemetered parameters which could be included in a particular

slot will exist, Table XIII lists the time of the first 20 slots and identifies

the contents of each (the first two slots contain Burst sync and a "Time of Titan
Link Sync" words which are developed in the equipment and are not carried over

from the telemetry channel),

Because Burst sync has a fixed relationship to time of Titan Sync, the time of

slot occurrence limits the times at which parameters to be included in each

slot must occur, otherwise the parameters may have occurred both before and after

the sync word,
Table XIIT

Times and Contents of Slots of the Burst Format

Slot No, Contents Time After Burst Sync
Beginning
1A Burst Sync o}
2B Time of Titan Sync 784
2¢C T-400 1691
2 A T-200 2500
2B Time of Agena Sync 3284
2¢C T-4100 1191
34A T-100 5000
3B Time of Gemini Sync 578L
3¢ T-400 6691
h A T-200 7500
LB T-4o 828L
Lc T-100 9191
5A T-20 10000
SB T-20 1078L
5¢C T-400 11691
6 A T-200 12500
6 B G=0.416 13284
6 C T-400 14191
TA T-100 15000
7B A-16 15784
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2.6.1 Titan Blocks

2.6.1.1 }00 SPS Blocks

Slot 1C of the Burst message is the first slot which contains a data block,
The parameters in that block are from the Titan 4OO SPS input channel, Table
XIV identifies all LOO SPS parameters in the Titan message and tabulates the
time after Titan sync at which each occurs,

Table XIV..
Time of First Occurance of Each 00 SPS Parameter

Parameter Number Location Word & Syllable Time After Sync (Microsec.)

177 1-1 Lh.9
178 1-2 89.8
179 1-3 13kL.7
180 2-1 196.4
181 2-2 2ln.3
182 5-1 650,9
183 5-2 695.8
185 6=1 800.4
186 6=2 845.3
188 9=2 1193,2
189 9-3 12381
190 10-1 1283,0
191 10-2 13447
192 13-1 1754.3
175 13=2 119942
194 13-3 1844.1
196 -2 1950,7
177 17-1 254L.9

If a block of L4OO SPS Titan contains two or more parameters, these could be
numbers 177 and 196 and 1905,.8 microsecond of elapsed time could be required
to load the memory, From Tahle XIV it can also be seen that only 594,.2
microseconds are available between the occurrence of parameter number 196 and
the subsequent reoccurrence of parameter number 177. The maximum size block
which can be readout within that time interval can contain only three words
(TabYe XII) and even this is possible only by carefully selecting readout time
relative to Titan sync., Such a limitation would be unacceptably restrictive
on the system and cammot be tolerated,
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To overcome this limitation, a pair of identically organized memories called
Continuous Selection memories, can be used to select the LOO SPS parameters,
One of these would be connected to the input link in order that parameters can
be selected and stored, while simultaneously the other memory is connected to
the Burst sequencer which can cause the previously stored parameters to be
readout, In this manner the memories are automatically available for loading,
during a 2500 microsecond period, and then for readout during the subsequent
2500 microsecond period,

Figure 7 illustrates the manner in which continuous selection memories are used
to assemble and readout blocks of LOO SPS data while maintaining identity and
time correlation of all parameters,

Several characteristics of this Burst technique which effect figure 7 are:

(1) The occurrence of Titan master sync forms the basis for developing
and controlling the Burst message and for controlling certain in-
ternal functions needed to assemble the data.

(2) It can be seen that when the Titan sync occurs, Memory #1 is con-
nected to the input and #2 is connected to the output, if this
condition does not already exist and 2250 microseconds later these
memories are interchanged. During the 19 subsequent intervals the
memories will be automatically connected to the input or the output
each 2500 microseconds., The reason that the memories are inter-
changed 2250 microseconds after sync is to assure that the switch-
over takes place after parameters #177 and #192 have been loaded
into one memary during the same period and before parameter #177
re-occurs, The time selected is arbitrary btut is more than adequate
to allow for input rate errors and switching time, One of the two
memories is designated Number One, and will be connected to the
input each time the Titan Sync is received, Switch-over may actually
occur when Titan svne is initial 1v rarsi ved. hawawew ot 2171 cvhea.
quent occurrences of sync memory #1 will already be properly con-
nected and the only effect of gync on these memories is to establish
switch-gver time, If the input rate is nominal (no error) the
intervals between switch-overs will be constant at 2500 microseconds,
however, if there is an input rate error the time of switch-over at
the end of the interval during which sync occurs will be advanced or
extend in proportion to the rate error,

(3) The parameters in the block which is transmitted in slot "C" of Burst
period #1 occurred within the 2500 microsecond interval after link
sync, Those in slot "C" of period #2 occurred between 2500 and 5000
microseconds after Titan sync, etc,

2.6.1.2 Blocks of 200 SPS Parameters

From Table XII it can be seen that blocks of Titan 200SPS parameters are trans-
mitted in slots 2A, LA, 6A, etc, Slot 2A occurs in the Burst message 2500 micro-
seconds after sync and slot LA occurs 7500 microseconds after Burst sync,
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From the basic Titan format, it is found that there are twenty 200SPS param-
eters, identified as mumbers 157 thru 176, Parameter 157 occurs first 347.9
and again 5196 microseconds after Titan sync, The first occurrence of param-
eter 176 is 1180,3 microseconds after Titan sync. The elapsed time required
to receive and store a block of 200SPS data containing both of these param-
eters is 3832.4 microseconds, regardless of how many other 200SPS parameters
are included and if dual alternating memories are not used, this block must
be readout before parameter 157 occurs again, Hence, readout must occur
within the 1015.,7 microsecond interval between the first occurrence of
parameter 176 and the second occurrence of parameter 157, In order for slot
2Ah to occur at the correct time, it would be necessary to properly delay the start
of the Burst message from the arrival of Titan sync,

Since slot 2A must occur at least 1180,3 microseconds after Titan sync, and
328l microseconds after the Burst message begins (Burst sync) a delay of at
least 1679.7 microseconds would be required,

The maximum size of the block which could be transmitted in slot 2& is 1005.7
microgeconds - the time interval between occurrence of parameter 176 and the
subsequent parameter 157, TableXII shows that a block of 5 words can be
readout within that interval, This will probably be adequate, however, a
larger size block could be transmitted and the time of transmission could be
freed from a direct dependence upon the delay between link sync and the start
of the Burst message, if dual identically organized memories were used as with
the hO(BPS da‘ba.

If "Continuous Selection" memories were used, one of these would be connected
to the input at the time Titan sync is received, and interchanged each 5000
microseconds theresafter,

2.6.1,3 Blocks of 100SPS Parameters

In the format, the first block of 100SPS data is transmitted in slot 34, 5000
microseconds after Burst sync, and the next subsequent block of the parameters
occur in slot 74 which is transmitted 15,000 microseconds after Burst sync,

The Titan format contains 36 parameters, numbers 121 to 156, at this 100SPS rate.
The first occurrence of parameter #121 is 21,3 microseconds after Titan sync,
The other parameters of this group occur in sequence until the first occurrence
of parameter #156 takes place 9h82.) microseconds after Titan sync, Hence, the
elapsed time for consecutive parameters to be received is 9241.1 microseconds,
which is the time interval required to assemble a block containing these param-
eters, Obviously, if the 121st and the 156th parameteriere not both included

in a single block, the elapsed time would be decreased, however, the capahility
of including these two parameters must be provided in the event they are needed,
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In comparing the times of transmission of various slots, the time of arrival
of various parameters which may be placed in these slots, two features are
evident:

Slot 3A must contain a block of 100SPS data (sec. 2.5.1), yet this
slot occurs before about half of all 100SPS can be updated in the
time since Titan sync, A block of 100SPS data transmitted at this
time could contain some parameters which actually occurred since
Titan sync and other parameters which occurred before Titan sync,
It wuld be possible to detemine which ones occurred before and
which ones after sync, however, to accomplish this would require
that some of the parameters be referenced to the time transmitted
in slot 1B and others to be referred to the time transmitted in
slot 381B. PFurthermore, it would necessitate carefully selecting
readout time to assure no parameter is being updated while it is
being readout,

It is, therefore, concluded that this input charmel can best be
handled by identically programmed dual alternating memori es, in
which the time of all parameters are referenced to the preceding
time of Titan sync in slot 381B.

2.,6,1.i Blocks of 20SPS Parameters

Five 20SPS input channels, one of which is "time of Titan sync", are used to
fill the Burst channel wB® (sec. 2.5.1,2). The four other 20SPS inputs all
contain telemtered parameters and are assigned initial slots of 5B, 9B, 13B
and 17B, Table XV lists each of these slots, the time after Titan sync that
each is transmitted, and the identity of all 20SPS parameters which have been
updated since the last Titan sync and which could be assembled in a block to

T dvmommetid o 2 ooab 1o

Table XV
20SPS Parameters which Have
Initial Slot Time of Slot Since Burst Sync Been Updated since Titan Sync

5B 10,78l microseconds #1-#13, #61,66,71,76,D1

98 20,784 n #26, 62, 67, 72, 77, D2

138 30,78k n #38, 63, 68, 73, 78, D3

17B 140,78k " #50, 6, 69, Th, 79, Dk
Not Updated #51, 60, 65, 70, 75, 80, D5

From the above table it canbe seen that blocks of data can be assembled and
transmitted in the assigned slots from parameters which have occurred since the
last Titan sync unless one of the last 15 parameters is included., In that case,
either the time of that one parameter must be reconstructed separately from the
others, or identically organized dual altermating memories must be used, and all
data in a block formed in this manner referenced to the previous sync time.



2.6.,1.5 Surmary

The time imterval which may elapse before all parameters to be assembled in a
block are received, could be as long, after Titan sync, asa period at the
input data rate, In designing the Burst message format, it is necessary to
efficiently use the available bandwidth, and it is desirable to elimimate

as many variables as possible in order to simplify the process of designing
the format, Hence, it is desirable to be able to design the format without
considering the actual time of occurrence of individual parameters,

To provide the desired freedom in designing a Burst format and still assure

the "time integrity"® of all parameters within a block, a continuous selec-
tion (alternating identical organized memory s ections) technique can be used,
When using such a technicue a particular memory section would be connected to

the input upon receiving a link sync word, A fixed-time interval thereafter,
which is a function of the input data rate, the memory sections are interchanged.
This results in all parameters in a block which is being read-out, having
occurred during the previous input data cycle (see Figure 7).

2.6.2 Blocks of Asynchronous Data

Blocks of parameters from the asynchronous Gemini and Agena links also must be
assembled and transmitted in the Burst message, Unlike the conditions which
exist with the Titan link, there is no fixed relationship between the occurrence
of Gemini and/or Agena syncs and the time that hlocks of data from these links
are transmitted, Hence, a variable delay between occurrence and transmission
of parameters (blocks) must be provided, and an uncertainty as to the actual
time of occurrence of individual parameters could arise unless care is taken

to assure that such confusion does not exist, In Figure 8 four 165PS Agema
parameters are shown as an example to illustrate how this confusion could occur,

Four 16SPS parameters, identified as 1, 2, 3 and L, and occurring 1100, 3900,
11,400 and 18,900 microseconds, respectively, after Agena sync, are to be trans-
mitted as a block in Burst slot 7B.

Figure 8A  1llustrates the condition when Agena sync nearly coincides with
the Burst sync, The previous Agena sync (#1) which occurred 62,50 microseconds
earlier, is also shown, The times of arrivals of the four parameters relative
to each occurrence of Agena sync are identified as is the position of two Burst
slots, numbers 382B and 7B.

After Agena sync number 1 occurs, parameters 1, 2 and 3 occur and are loaded

into memory., Burst slot 382B follows and the memory are unloaded as a block,
Subsequently, parameter #l4 occurs and is stored in memory. Later, after Agena
Sync #2, parameters #1, #2 and #3 appear again and are stored in memory, Burst
slot 7B follows and the memories are read-out a s a block containing parameters

1, 2, 3 and 4, It will be noted that parameter #l occurred prior to Agena Sync
#2 vhile the other three parameters occurred afterwards, The result is that the
times of individual parameters must be reconstructed fram two different references
(or if from the same reference, addition is required for some parameters and
subtraction from others,)

L5,
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Figure 8B  shows what happens when Agena Sync and the Burst slot occurs
almost simultaneously, In this Case, all parameters read-out in a block
will have occurred prior to that Agena sync and after the previous Agena

sync,

A general statement can be made: If the Burst slot occurs after all param-
eters of a block have been received and before any of them can be updated
(re-occur), all parameters in the block will have occurred during the same
period (of the input data rate).

Inasmuch as no control can be exercised over the time of occurrence of Agena
sync relative to Titan sync, and therefore the Burst message, the system must
expect conditions where the time of slot occurrence does not meet the criteria
stated above. Hence, a techmique which can assure the time relationship of
all parameters within a block, must be provided. Such a technique is the
"continuous selection" method,

2.56.,2,1 Continuous Selection Memory

Assume that the Agema parameters shown in Figure 8 are to be assembled
via continuous selection memories and Burst transmitted in the slots showm,

When Agena sync #2 occurs, the connections to the memories are interchanged,

The memory section which had been connected to the input and in which the
parameters #1, #2, #3 and #k had been stored in the interval between Agena

sync #1 and #2 is now connected to the output, When slot 2B occurs, the time

of Agena sync #2 is Burst transmitted, Later, when slot 7B occurs, the param-
eters stored in memory are read-out as a block, These parameters occurred after
Agena sync #1 and before #2, hence the time of each can be re-established for
the Time of Agena sync #1, transmitted in Burst slot #3778,

A condition which exists with both Gemini and Agena which requires special |
system features to assure the proper identification amd timing of individual

parameters, This condition results from lower rate data originating on sw-

cormutated channels and gives rise to a requirement for transmitting a means

of identifying sub-frame sync .

The Agena format contains three sub-frames, A, B and C, Sub-frames A and C

re-cycle together once each second (each 16 mainframes) and sub~-frame B re-

cycles once each 5 secomds (every 80 mainframes), Every 80th mainframe all

three sub-frames begin a cycle, Hence, if a number from O to 80 were trans-
mitted, it would identify successive sequences of the B sub-frame and every

16th mmber (0, 16, 32, etc.) would identify the beginning of sub-frames

A and C,

Figure 9 illustrates the formation of Burst periods which contain "time of
~ Sync" words from three asynchronous input links,

Figure A illustrates the periods which comtain Burst sync and "Time of

Titan Sync" words, The "Time of Titan Sync" ig transmitted in hours,
mimites, seconds and microseconds,

k7.




Burst periods which contain "Time of Agena or Gemini Sync" and identifica-
tion of the mainframe sequence are shown in Figure 9B, The period contains
102 binary bits, one of which is required as a guard band and 6L must be

used for blocks of selected parameters in Burst channels "A" and "C", Of

the 37 bits remaining, 7 must be used to identify between 1 and 80 sequences
of the Agena mainframe, thereby leaving 30 bits available for timing, Timing
can, therefore, be transmitted in seconds and microseconds. Because of the
relationship between time of Titan sync and Time of Agena Sync (see Section
2.3.2), the hour and minute part of the time word appears as part of the
"Time of Titan Sync" word. Also, the "second" (time) part of the Agena Time
would be the same as the "second" (time) portion of the Titan Time Word which
contains the proper hour and minute words,.

Figure 9C illustrates all other periods,

The Gemini format contains a prime subframe operating 1/l as fast as the main-
frame and sub-commutated at 8/1 and 2L/1 ratio, Ninety-six (96) mainframes
must be sequenced in order to sample all data inputs. It is, therefore, nec-
essary that the master frame sequence identification number be capable of
identifying between 1 and 96,

2.6.2,2 Sub-Commutated Data

In section 2,5.2.3.2, blocks of sub-commutated parameters at 1.25 and O,L16SPS
from the Geminl link are assigned slots in the format, Figure 6 illustrates
this format,

One input channel of 1,25SPS parameters are assigned slots 26 and 346 in the
first Burst frame, slot 266 in the second Burst frame, slot 186 in the third
Burst frame, etc. Slots assigned to blocks from this chamnel in one frame

are assigned to blocks from another input channel in subsequent frames, i.e.,
slots 26 and 346 in the second Burst frame are used by blocks assembled from
different 1.,25SPS input parameters, Hence, it is necessary to estahlish which
of 2l sub-frame sequences and which of four master frame cycles the parameters
in a particular block were selected, Figure 10 illustrates the occurrences and
assembly of blocks of sub-commutated data.

Block 1 is assembled of parameters which occurred during the 3rd master frame
cycle of the 1st sub-frame cycle; Block #2, of parameters which occurred during
the 1st master frame cycle of the 3rd sub-frame cycle; Block #3, of parameters
received during the 3rd master frame cycle of the 3rd subframe cycle,

For clarity and convenience of discussion, it is shown that all parameters
within a block occurred during a single cycle of the master frame., In actual
practice, however, the parameters within a block could be selected over many
cycles of the sub-frame, The limitation is that the parameters assembled into
a block must be consecutive. As a practical consideration, it is desirable
that the elapsed time between the first and last parameter should be kept as
short as possible in order that the time of each parameter can be more easily
and accurately reconstructed,

L8.
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In referring back to the fomat, Figure 6, it can be saen that all three

of these blocks will be transmitted in the same slots but during different
frames of the Burst message. logic can be designed which can select the
optimm slots for each block and read these blocks out into the Burst message,
In addition, however, it is necessary that information conceming the ident ty
of the block which is transmitted in a particular slot and the basics for re-
constructing timing, also be conveyed in the message,

One way to convey identification is to include an address word in each hlock,
This address word could simply be a number from 1 to 12 (4 hits) which identi-
fies which block memory is being transmitted, Individual parameters could
then be identified from the apriori knowledge of which parameters had been
programed into that memory.

The time of occurrence (nominal) of each parameters will be known from the
Gemini format relative to the time of the 1lst of 2l sub-frame syncs, But 96
Gemini master time of sync words are transmitted in the Burst message before
all sub-frames are cycled. The 96 time of sync words, in addition to the
method used to readout blocks in particular Burst slots, canses an uncertainty
as to which time word should be used as a reference in re-establishing time,
Thus, there is a possibility of 96 ambiguities which must be resolved.

These ambiguities can be eliminated if a means of identifying a particular
master frame "time of sync" word in relation to a prime sub-frame cycle, is
provided, BEvery fourth mainframe sync is followed by a prime sub-frame sync
word which includes a 5-bit address which identifies which of 2L sub-frames
is being cycled. (From the input link sub-frame cycle identification an
unambiguous identification can be established.) The number (1-96) can then

be included as part of the Gemini "Time of Sync" word (see Figure 11),

To re-establish the time of individual parameters, the process is:

(1) Identify a particular block of sub-commutated parameters from the
Li-bit address word which is included in the Burst., The cycle of
the master and sub-frame in which the parameter occurred is known
from the data selection program.

(2) Find the "Time of Master Sync" word which contains the address
word which identifies the cycle of the master frame (1-96) which
corresponds to the parameters in the block,

(3) Read the "Time of Sync" word and add the nominal time of occurrence
of each selected parameter.

(L) Compare the interval between successive "Times of Sync" with 25,000
microsecond (the nominal sync rate) and correct the time associated
with each parameter (see Section 2.2.2).
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2.7 Implementation Requirements

Figure 10 is a simplified block diagram of the "Periodic Burst" transmission
sub-system. This figure illustrates the various data and other signal sources

used to select parameters, assemble blocks, and generate the Burst Transmission
format.

The Sequencer contains a programmable memory, a Timing Sub-Unit, and Buffers
necessary to input and output signals and data.

2.7.1 Periodic Burst Transmission Sub-System

2.7.1.1 Message Program

Prior to an operation a program to control the readout of the various blocks
must be developed and stored in the Sequencer memory. This program will con-~
sist of the addresses of the memories which are to be readout, arranged in
the sequences that readout is desired. When the Burst message begins, signals
(pulses) will be applied to the memory at the times each subsequent block is
to be read, and the memory will advance, one slot for each pulse, in the same
manner as a "step switch", In this manner the order of the blocks are con-

trolled by the program but the time of occurrence of each is controlled by
the timing sub-unit,

2.7.1.2 Message Slot Timing

It has been previously established, that the Burst message will contain 20 sub-
frames, at the Titan sync rate, each of which is divided into 20 periods., The
first 19 of these periods are precisely 2500 microseconds long, controlled by
the clock reference, and the 20th is 2500 + 25 microseconds long depending on
the actual Titan sync rate. -

The first slot of each sub-frame contains a Burst Sync Block which is made up
of two parts. One of these is the burst sync pattern and the other is the sub-
frame identification number., When the Sequencer addresses the readout of a
Burst Sync Block, the sync pattern is extracted from the sync generator and
attached to the sub-frame identification extracted from the Sequencer, The
block is then transmitted,
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2500 us = 102 BITS
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ALL OTHER PERIODS

FIGURE 11~ BURST PER10D FORMAT AND UTILIZATION
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20 70103 Timing Sub-Unit

The Timing Sub-Unit generates the signals which cause the Sequencer to cycle
through its program as described in Section 2.7.1.1. The signalg are derived
from a reference frequency which is accurate to at least 1 in 10”, and there-
fore precision control of the format is achieved,

In previous sections, burst transmission of blocks assembled from three simul -
taneous input links was discussed. One of these links is selected to control
the burst message. The occurrence of sync from that link enables the burst
message which is then pseudo-synchronous with the control link., Under some
conditions, it may be necessary to transmit the burst message when the control
link input is not present, Features which provide this capability are included,

The order in which specific blocks are to be transmitted is stored in a pro-
gram in the sequencer and defines the burst message format., A signal applied
to the Sequencer causes the format to be advanced on step and to read-out the
next block of the program, The timing sub-unit generates the signals which
establish the times that subsequent blocks are addressed by the program,

The format is divided into sub-frames which contain twenty burst periods.

Each period is divided inuo uiree unequal length slots - A, B and C., The

times that these slots occur are controlled by the Timing Sub-Unit, hence

this unit must generate signals at unequal intervals corresponding to the
lengths of the various slots, Furthermore correlation must be established

and maintained between the individual blocks of the format and the correspond-
ing slots established by the Timing Sub-Unit, To achieve the pseudo-synchronous
relationsnhip between the control link sync and the burst message, it is also
necessary that the transmission of the first block in a sub-frame be correlated
with the occurrence of sync on the control link,

Figure 12 is a Simplified Block Diagram of the Timing Sub-Unit. The lengths
of the three slots are established by delay counters, identified as A, B and

C, corresponding to the blocks which will be transmitted while these counters
are operating. These counters are preset so that the intervals between signals
are equal to the time required to transmit the corresponding block and, in this
particular case, are 78L, 907 and 809 microseconds, respectively.

These counters operate in sequence, A signal applied to any one of them simul-
taneously starts that counter and causes the Sequencer to transmit a programmed
block. When the present count is reached, a signal to control the subsequent
event is generated and used to control the next counter and block read-out,

To assure that correlation exists between the program and the Timing Sub-Unit,
a flag is extracted from the sequencer whenever the next block to be read will
be in channel A, This flag is used to gate the M"A" counter and inhibit all
others,

After a full burst period (slots A, B and C, in sequence) has been generated

one of two possible events occurs depending on the operating mode which has been
selected, The alternatives are discussed as applied to the individual modes.
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2070103.1 Normal Mode

The Normal Mode is the one which has been developed throughout this study
and is characterized by the pseudo-synchronous relationship between the
control link (Titan) and the burst message,

To obtain this relationship requires that a burst sub-frame be started when,

and only when, Titan sync occurs. This is accomplished during pre-transmission
preparations by adjusting the program to the beginning of a sub-frame in order
that the occurrence of a Titan sync flag will cause the first block of a sub-
frame to be addressed at the same time that the "AM counter is started, After
count "A" is completed counters "B" and "gn sequentially operate with the output
from each starting the next and causing the program to advance and transmit the
next block,

A burst period is complete when counters A, B and C have completed their preset
counts, Because only the first period of each sub-frame is started by Titan

sync and 20 periods must be generated during one sub-frame, a means for generating
the intervening 19 periods is required, This is achieved by an event counter
which allows 19 consecutive occurrences of the "C" counter output to be applied

to the "A" counter thereby initiating another burst period, and which prevents

the 20%h occurrence from recycling., In this way the start of each sub-frame is
locked to the occurrence of Titan sync but intervening periods are precisely
controlled by the Timing Sub-Unit.,

The operation of the counters assure that the event counter is reset to one (1)
exactly 50,000 microseconds after a Titan sync started a sub-frame. The tolerance
of the Titan input is given as *+ 0,05%, hence a subsequent sync flag can occur
anywhere between + 25 microseconds of the reset time,

If the Titan sync occurs early, the "A" counter is started and the next block

i5 adGressed vy ule program beiore the “C¢ count is complete., This could re-
duce the length of the C block by as much as 25 microseconds (1 bit) but would
not cause a loss of data since that bit is provided as a guard "band®" to allow
this condition to be tolerated. The completion of the "C" count would then
simply reset the event counter to one (1) and thereby prepare it for operation
at the end of the next period., If the next Titan sync is late, the event counter
would have already been reset and the message would have been interrupted await-
ing the Titan Synce.

If the next Titan sync is not recognized for any reason the burst message would
not restart and the interruption would continue until a Titan sync does occur,
During such an interruption no message would be transmitted and all real time

data would be lost, To prevent such a condition when the Titan sync is temporarily
not recognized, an Automatic coast feature is provided,

Automatic Coast is a form of logic which limits the interruption between sub-
frames to 25 microseconds even if the subsequent Titan sync does not occur,
This feature is accomplished by a 25 microsecond counter which is started at
the instant the event counter is reset, unless this counter had been inhibited
by the occurrence of Titan sync during the previous 25 microseconds. The
occurrence of Titan sync after the limit counter is started will terminate the
count and reset the unit, If the termination does not occur a signal will be
generated at the end of 25 microseconds which will cause another sub-frame to
be transmitted,
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Once a burst message has begun normally, the Auto Coast will maintain trans-
mission through any failure of Titan sync, Operation in Auto Coast can be
continued indefinitely., Although the resulting burst message resembles a
normal message, it differs in several important characteristics:

(1) The "Time of Sync Blocks" will contain ™o data" and therefore
Titan sampling times must be reconstructed from the last Titan
"time" block before the Auto Coast becomes operative, Time uncer-
tainties therefore increase with the number of sub-frames generated
by Auto Coast.

(2) Sub-frames occur at 50,025 microsecond intervals. This is the
interval which would result if the sub-frames were generated by
sync flags when the Titan sync rate was 19,99 per second; ie.
20-0.05%, Since it is probable that the actual Titan sync rate
would be different than this value, an accumulating error such as
discussed in Section 2,1,1 would occur, This accumulating error
would cause the pseudo-synchronous relationship to cease to exist.

If after some number of sub-frames have been generated by the Auto Coast
feature the Titan sync is again recognized, the message can either be con-
tinued in Auto Coast or it can be returned to normal operation,

If operation is continued in Auto Coast, several characteristics will result:

(1) The error will continue to accummulate and eventually a sample will
not be transmitted,

(2) The "time of sync" blocks will contain time words. These can be
used as references for re-establishing sampling times, However,
only relative time could be established for supercommutated parameters,
although absolute time can be derived for samples at prime or sub-
commutated rates,

If Titan sync re-occurs before the accummulated error exceeds the time of the
last slot in the sub-frame (slot 20C, LOC, 60C, etc.), the system can be auto-
matically returned to normal operation., The block being transmitted in this

slot would be stopped at the instant sync occurs and at least part of the samples
would be unusable. However the subsequent parts of the message would be correct
and no further loss of data would occur.

If however, the accummulated error exceeds the time of the "Q" slot, the
correlation between the block being addressed by the program in the Sequencer
and the slot being generated by Timing Sub-Unit would be lost. This would re-
sult in the subsequent message being scrambled and would prevent decommutation
and extraction of useful data, To overcome this it is necessary to either con-
tinue in Auto Coast, or to re-synchronize the Sequencer with the timing sub-unit,
To re-synchronize would require that the program be stopped at the beginning of
the next sub-frame and await the occurrence of the next Titan sync before con-
tinuing, This would result in an interruption of the message, and a loss of
data, of up to one sub-frame.
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2.7.1.302 Free Run Mode

The Free Run Mode is provided so that the burst message can be transmitted
when the control link (Titan) is not present. This mode is similar to Auto
Coast, except: (1) Free Run is manually selected, (2) previous transmission
in the Normal Mode is not necessary, and (3) the sub-frame interval is
50,000 microseconds,

The sub-frame rate in the Free Run Mode is probably more nearly the actual

rate than that used in Auto Coast, hence the "error" will accummulate more
slowly. Even though the actual rate could be higher or lower than the nominal
and a block could either be transmitted twice or not transmitted at all, such

an occurrence would happen less often than in Auto Coast. This is an advantage
which may make it desirable to switch to Free Run whenever Titan sync is missing
for more than a few sub-frames,

2.7.2 Periodic Burst Decommutation and Parameter Extraction Sub-System

After the Burst message is received, it is necessary that blocks be identified
and separated, and individual parameters must be extracted and time tags attached.
The process is essentially a multi-stage decommutation,

2.7.2.1 First Stage Decommutation )

After synchronization has been achieved in a manner similar to that described in
section 2,2,2,3, this decommutation stage performs the function of extracting
and identifying individual blocks. The output of this first-stage decommutator

consists of separate blocks from which individual parameters must still be ex-
tracted.,

Figure 13 is a flow rhart $1dInetmatdns tha Sndasmot £ooorc 0 oo o iiTsuv-ovage
decommutator, It can be seen that the decommutation logic is similar to  the

logic involved in assembling the message (see section 2,7.1.3.) Because there are only
three different types of blocks to be identified and these occur in a fixed known
order, the first stage decommutation process is straightforward and uncomplicated,

apd the equipment logic is simple in concept and could be simply implemented,

The operation of this decommutation stage is as follows:

(1) The Burst message consists of L0O periods each divided into three
slots, The configuration of the different periods are shown in
figure 11, The first period of each Burst sub-frame contains Burst
sync and decommutation must begin with one of these periods,

The "A" slot of each period contains 32 bits, In Burst sync periods
the first 27 form a sync pattern and the remaining 5 bits identifies
which of the 20 Burst sub-frames is being received, Immediately
after the sync pattern is recognized, the next 5 bits containing

a number between O and 19 are extracted and stored in memory,
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(2)

(3)

(L)

(5)

The "B" slot of the initial period of each Burst sub-frame contains
a 37 bit time of day word. This word represents the time that Titan
sync was received and is in hours, minutes, seconds and microseconds.
It occurs contiguously with slot "A" and is readout immediately
following readout of the sub-frame identification,

The "C" Slot of all periods is nominally the same length and contains
32 data bits plus one guard bit., Under conditions where the Titan
input rate is in error from its nominal, the "C" slot in the last
period of each Burst sub-frame may be lengthened or shortened a
maximum of one (1) bit. The actual mumber of hits in these particular
"C" slots are controlled by the Burst message and the decommtator
must accept this condition,

The first period of each Burst sub-frame is initiated by the occurrence
of Burst sync, and the subsequent 19 periods are internally generated.
The completion of each period in a sub-frame is counted by a period
counter which at any time will contain a mumber between 1 and 20,

logic will cause another period to be initiated and slots A, Band C
recycled every time slot "C" is readout and the period counter contains
a mmber other than 20, The "A" slots in these intermediate periods
are 32 bits long and the "B" glots are 37 bits long and these are read-
out accordingly. Every time Burst sync occurs, the decommutator begins
reading the "A" slot in a Burst period, If the sync occurs at the
nominal Titan sync rate, the last "C" slot of the previous sub-frame
would have been completed, the period counter would have comtained the
number 20, and the logic would have prevented recycling of the next
period, The occurrence of sync then resets the period counter to

ore (1) and, therefore, recycling will be allowed immediately after
slot "C" is readout,

i Wie 110l SYIK Yave i5 in SIivl &ik 5y im Gifivou Caityy cuadour of
the 5 bit subframe identification word begins before the guard bit in
the last "C" slot has been completed, The guard slot was provided to
allow this to happen and no conflict occurs because these two readouts
are occurring simultaneously. If, however, the occurrence of sync were
allowed to immediately reset the period counter, the mumber contained
therein would be one (1) rather than 20 when the slot "G" readout was
completed 25 microseconds later and recycling of intemediate periods
would contimie., This would result in erroneous outputs and cannot be
allowed. To prevent this from happening, resetting the counter is
delayed to occur simultaneously with the begimning of slot wpn readout,.
This assures that a counter content of 20 will exist at the time the
slot "C" readout is completed and recycling will be inhibited,

The output of the first-stage decommtator will be separate blocks

from which parameters will be extracted in the second~-stage decommta-
tor. In order for this to be accomplished, the identification of the
Burst slot from which the block was extracted must be conveyed to the
second-stage decommutator. This is accamplished by forming output words
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which consist of the slot identification as well as the data block,

The slot identification is devéloped by multiplying the sub=frame
identification number (0-19) by 20 and adding the contents of the
period counter, The chamel identification (A, B or C) is obtained
directly from the sequencer which controls the readout of individual
blocks, The slot idemtification consists of 11 bits. Nine (9) of
these identify a period between 1 and LOO and the other 2 identify
slot A, B or C, The maximum data word is 37 bits long, hence, the
first-stage decommtator output contains a data word of 37 bits.

If the actual data word is less than 37 tits long (as is usually the
case) the spare bits will be ignored,

2.74242 Second Stage Decommutator

In this unit, individual parameters must be extracted from the blocks, These
parameters must then be identified and the times at which they were sampled must
be established. After that has been done, an output in a form suitable for re-
cording, processing, or display must be assembled,

The blocks differ as to length, content, data rate, data periodicity, sampling
rate (prime or sub-commtated), and whether a psaudo-synchronous or asynchro-
nous relationship exists with the Burst message. The logic required to decom-
mutate a block depends on the individual characteristics of a particular block.
Hence, the second stage decommtator must be much more complex than is the
first stage decommutator,

Figures 1l and 15 are flow charts which illustrate the various
; 01 rocesses re-
quired of this unit which operates as follows: ?

(1) As each block is received, the slot identification mmber is read and
nartinent. information ie axtractad from a Mook-nn" tahla. Tha lank=
up table will have been pre-loaded with information which relates
the telemetry format with the parameter selection and Burst format
program, This table will contain all the information needed to
establish the characteristics of a particular block in order that the
proper decommutation process can be gpplied, and parameter identifica-
tion and timing can be established, Table XVI jillustrates the contents
of a partial "look-up" table,

If it is found that a block contains Titan time, the word is stored
in memory along with the preceding Titan time word, The two values
are then subtracted and the difference is compared with the nominal
Titan sync period (50,000 microseconds). Any discrepancies represent
the time error which has acaumulated during the previous sub-frame,
The accumulated time error is shifted to a memory which contains time
errors computed during previous sub-frames. From these values, the
time error trend is calculated and extrapolated into the current sub-
frame. This results in an estimate of the time error which will
accumulate in the 50,000 microsecond interval after the latest time
word,
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Decommutation "Look-Up" Table

Table XVI

n 2 10 17
Slot 1,0 Source Content Time
1B Titan Time
1c¢ Titan 177 Lh.9
180 196,k
190 128.3
196 1950.7
24 Gemini Time
S.F.I.D.
2B Titan 157 3L7.9
161 1508
169 3307.2
176 11180.9
2¢C Titan 177 254h.9
180 2696.14
190 3783
196 1li50,7
34 Agena Time
S.F.I.D.
3B Titan 121 21n.3
130 5708,2
133 6327 .4
156 9L82.L

9 8 1
Rate Commutation/ Periodicity
S.F. Ident.

20 Yes
100 Prine Yes
Lo

10
200 Prime Yes
100 Prime Yes
16 Yes
100 Prime Yes
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If it had been determined, from the look-up table, that the block contains
Titan data, processing is as illustrated in figure 1k, and the identity and
nominal time of each parameter in that block is extracted from the look-up
table, The block is then separated into individual parameters and the proper
address 1s attached to each, The nominal time of each parameter is used to
linearly proportion the estimated time error, thereby establishing a correc-
tion factor, The most recently stored time word is then read from memory and
the nominal time of sampling plus correction is added, This results in a time
word which defines in hours, minutes, seconds and microseconds, the time at
which the particular parameter is sampled. The resulting time word is attached
to the parameter and address and forms the output of the decommutator. One
complete output word contains 37 bits of timing, 10 bits of address and 8 bits
of data,

If the block had been found to contain Gemini time, it is known that the word
consists of two parts. The first 7 bits of this word identifies the Gemini
sub-frame and the remaining bits define the time of Gemini sync in seconds
and microseconds. The "Time" portion of the block is extracted, transferred
to the Gemini Time memory, and the Gemini Time error which will accumulate
during the nominal Gemini period (25,000 microseconds) is estimated, in the
same manner as Titan time error.

The Gemini sub-frame portion of the "Time" block is also stored in a memory
from which it can be read whenever it is needed,

If the block had been found to contain Gemini data, the decommutation process
would involve more steps than required for Titan blocks as shown in figure 15,

A block of Gemini data could contain prime parameters transmitted periodically.
If this were found to be the case, the decommnication process would be identical
to the Titan process which was previously described,

A block of Gemini data could exist in which sub-commutated parameters are
periodically transmitted. This would result in a block of different parameters
being located in a particular slot during different Burst frames (section
2.642,2). When a block containing this type of data is received, the sub-frame
identification number which had been received as part of the Gemini "time"
block is read from memory and the look-up table is again consulted to determine
the identity and time of the parameters in that particular slot during that
particular sub-frame., After that has been done, the remainder of the decommu-
tation process proceeds as for prime parameters,

In section 2,Lk.2.,1.1 a synthesis process was described which allows parameters
which occur at a rate which is not compatible with the LOO slot per second

Burst message to be included. This process results in different parameters

being included in the block which is transmitted in a particular slot during
different Burst frames. It will, therefore, be necessary to uniquely identify
each such block, Blocks of this type will be first transmitted in channel "B"
which has a capacity of 37 bits, 32 of which contain data samples, The remaining
5 bit capacity is, therefore, available to handle a block address word and will
be used for that purpose,
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Hence, when a block of this type is identified, the block address will be

read and the identity and time of each parameter will be obtained by again
consulting the "look-up" table., After that, decommutation proceeds as before.

Another type of prohlem will exist if the block is found to contain parameters
which are not periodically transmitted. Blocks of this type were described in
section 2.5.2.3.3. With this type block it is necessary to detemine how many
separate parameters are involved. A memory cell is assigned to each parameter,
and all samples of that parameter which were contained in the block are read-
out in the sequence of occurrence and stored in the assigned memory. The
identity of each parameter is obtained from the look-up table and attached

to the memory cell, The nominal time that each sample occurred is also
obtained from the look-up table and used to derive the current time of each
sample. The correct time is then attached to each sample,

A local clock, operating at the nominal sampling rate of the parameters, will
then readout words consisting of the parameter address and the time and value
of each sample.

If, when the block was received, it had been found that it was from Agena,
rather than Titan or Gemini, the processing would have occurred in the Agena
channel. The procedure, however, would have been identical to that described
for Gemini since the same types of blocks would be possible.

2.7.3 Equipment Characteristics

The assembly of blocks and the fomation of the Periodic Burst message requires
equipment to select and store data, to control the switching sequence in which
the blocks are read-out, and to establish the time intervals for performing

the switching. The extraction of parameters from the message and the re-
aatablishment of time recuires equipment. at the receiving temimal of the
system, which perform similar functions, The major characteristics ol these
equipment are discussed in this section,

2.7.3.1 BRlock Formation

The selection of desired parameters and the assembly of blocks require that
memory be provided, In section 2.6 it was shown that these memories must be
of the automating input/output continuous selection type to provide the needed
versatility and assurance that the proper time tag can be derived.

Figurel6 is a functional block diagram of such a memory. Each continuous selec-
tion buffer comtains two identically arranged memory cells (A and B), an input
section and an output section, plus a switching unit which interchanges the
input/output connections to the memories.,



INPUT RESET
DATA SIGNAL

INPUT

AN
‘\
N
—»1 SWITCH rE——— B
. 1
4 A N
FIGURE 16. CONTINUOUS SELECTION STORAGE BUFFER

67.



It has been assumed that all blocks will contain four 8 bit data words, hence,
each storage section of a continuous selection buffer requires a 32 bit
capacity, The total storage capacity per memory is, therefore, 6l bits,

The input to the Burst system would be taken from the output of a standard
decommutator. In order that desired parameters can be selected from the

many which will appear at the input to the memory, it is necessary that an
address memory section also be included in the continuous selection buffer,

The capacity of the address memory must be equal to L words times the number

of address bits per word., The output of one type decommutator is in a format
called Common Language, and contains a two part address of 11 bits each., One
part identifies the input chamnel and the other part identifies the sub-channel.
If the continuous selection buffer is to handle prime rate data only the channel
portion of the address is important and the address memory would require a
capacity of Ll bits (Lx11), If sub-commtated parameters are to be selected

the address memory would require 88 bits (Lx22).

The address memory will be in the input sections, thus allowing a single address
memory to serve both storage cells. The address memory will be programmable so
that the identity of parameters to be seleccted can be changed as required,

The output section of the buffer contains the identification of that particular
selection buffer, If a system were designed to handle 100 groups of parameters,
the output buffer identification would require 7 bits. It would not be necessary
for these identification words to be programmable.

The switching unit would be designed so that some specific even® {occurrence of
sync for example) would reset to switch to storage cell "A", When section nAn
is filled by the occurrence of all selected words, a signal would be routed to
the switch causing it to operate and interchange the input/output connection,
After section "B" has been filled, the switch will again be flagged and the

3 vk LAt e Ammeaadd aae L2Vt v Lty

SIL ML Sjeemii BT DR Vs Swe el VLY ST vaias g GHERUE g O Gw WU

g wou]dAhaVe beeti readout by action of the Burst message sequencer,

A contimuous selection memory must be provided for each group of parameters which
are to be assembled into a block, To assemble the blocks listed in section 2.5.3
for periodic Burst transmission requires the continuous selection buffers shown
in Table XVII,

Table XVII
Data Rate No. of Groups No. of Selection Buf fers

Loo 1 1
200 1 1
100 1 1l
Lo 2 2
20 6 6
16 L b
10 L L
1.25 L L
1,0 13 13
0.116 3 3
0.25 L L
Total L3
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Each buffer requires 115 bits, hence, the total memory requirement is L9L5
bits. From the above tabulation, it is readily seen that the same gmount of
memory is required to assemble a block of LOOSPS parameters, as is required
to assemble a block of 1SPS parameters. Hence, the total memory required
increases as the mumber of blocks of low rate parameters increase.

It should be noted that in computing the memory requirements for the above
table, a specific mmber of 20, 10, 1.25, 1, 0,25, 0,416 groups for the syn-
thetic chamber of section 2.5.,3(¢) L and 5, were assumed, Also, no considera-
tion was given to the number of subcommtated parameters in these groups,
therefore, the actual memory size would have to be increased by Lk bits for
each sub-commtated group,

All time words are readout before they reoccur and, therefore, continuous
selection memories are not required. In addition, the Burst symc block
contains a pattermn which is internally generated plus a 5 Wt Burst sub-
frame identification address, The added memory required to handle all HAning
words and sub-frame address is 126 bits,

The total selection memory required is, theretore, L9LS bits + Ll Hits/sub-
cormutated group,

2.7.3+2 Burst Message SeGuencer Program

The function performed by the Sequencer is essentially that of a stepping
switch, The Burst message contains 1200 slots, hence, this "switch"® must
contain 1200 positions,

Bach "switch" position would be a programmable memory and the unit would be
caused Yo segueutially step through these pesitions (memories) by extemally
generated commands. The word stored in each "position" would be the identi-
fication of the selection buffer which is to be readout at that time. Each
word would comtain 7 bits, thereby allowing the sequencer to address up to
127 difference sources, These sources could be any of the selection muffers
previously discussed, the Burst sync generator, or the "time" storage units.

The sequencer memory requires a 1200 x 7 = BLOO bit capacity and must be
programmable in order that the block readout sequence can be changed,

207.303 Timigg Sub=Unit

The timing sub-unit generates the commands which cause the sequencer to step

' through its positions, The unit contains only 5 bits of memory but requires

a precision frequency source (clock) and six high speed counters, The counters
operate at a IMC rate and contain various numbers of bits. These counters and
' their sizes are listed below:

| Delay Counter 13 bits

nin Slot Counter 10 bits

"B* Slot Counter 10. Bits

"C" Slot Counter ]0 hits

Event Counter 5 bits

Limit Counter 5 bits
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2.7.3.4 Burst Synchronizer

The logic described in section 2,2,2.3 for synchronizing the Burst decommtator
would be instrumented with counters and memory circuits. The principle function
of this logic is to establish the width of a search window and to position that
window where subsequent sync patterns should occur, Whenever sync isreceived
the unit turns off the sync comparison circuit, to prevent the possibility of
an accidental recognition, until a time interval has expired and the sync pate
tern should re-occur. In this particular case, where sync occurs every 50,000
+ 25 microseconds, the turn-off interval must be 49,975 microseconds and the
window must then be opened for 50 microseconds, If sync is not again received,
the turn-off time must be reduced by 25 microseconds to 49,950 and the width of
the window must be increased to 100 microseconds.

This control can be obtained by a "Sync Delay Counter' operating in conjunction
with a "Window Width Counter®, The "Sync Delay Counter" would have to count a
maximum of 19,950 microseconds and at a IMC rate would require 16 bits. The
width of the search window increases by 50 microseconds each time an expected
sync is not obtained and the total width would depend on the number of "no
sync" indications allowed. This has not been estahlished but is estimated to
be no more than 10, Hence, the maximum required count in 1000 microseconds and
9 bits are needed,

Every occurrence of sync is stored in memory and every occurrence of '"no sync®
is stored in a different memory. It is estimated that the most occurrences of
either which must be stored would be 10, hence each of these memory would re-
quire 4 bits, In addition, the synchronizer requires a sync pattern memory of
about 28 nits,
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2.7.3.5 First Stage Dscommtator

The function of this unit is to extract individual blocks from the Burst
message, identify the slot position in which the block had been received,
and provide an output word for each block which contains the received data
plus address. The Burst message consists of a serial train of contiguous
blocks which occur at intervals controlled by the timing sub-unit.

In order to decommtate this message it is necessary that this unit contain
equipment for timing the beginning and end of each slot, and for uniquely
identifying each slot, These functions can be achieved by counters and
memories, The 5 bits which occur immediately after sync is a binary mumber
between O and 19 which identifies the Burst sub-frame which will follow that
particular sync pattern. These 5 bits are read-out serially as they occur
and areyuted to a "mltiply by 20" circuit, the output of which is trans-
ferred to an "add" circuit where it is stored in memory. The number which
is to be stored varies between O and 380, and, therefore, a 9 bit memory is
required,

Immediately after the last sub-frame identification bit is read, two events
occur similtaneously. The period counter is reset to one (1) and the first
"Bn slot of the sub-frame begins to be read. This particular slot contains
the "Time of Titan Sync" word in hours, mimutes, seconds and microseconds,
and is 37 bits long, The capacity of the commnication circuit limits the
speed of bits to 1 bit per 2 »5 microseconds, hence 907 microseconds are
required to read this word., While this block is being read, the content of
the period counter (1 in this case since it was just reset) is added to the
output of the "multiply by 20" circuit, and the period count (1 to L0O) is
obtained at the output of the "add" circuit.

After the "time word" has been received, the Burst period mumber and the
slot identification are attached and the antive wnwd consictine of 8 bit
period I.D., a 2 bit slot I,D, ad 37 bits of timing is shifted to the out-
put, These ;8 bits mst be read-out after the complete time word has been
received and while the following slct is being read in, Hence, the "time
slot B" must comtain 37 bits of memory. The L8 bit output word must be
read-out in less than 785 microseconds (time required o receive the next
32 bits at 24.5 microseconds per bit).

Figurel3 is a flow chart of the First Stage Decommtator. As can be seen,

this unit contains a precision clock, count circuits, and memories as well

as logic and arithmetic circuits. The following table lists the quantities
and capacity of the various equipment used in this unit,

Precision Clock 1 Zl.xlo"8

Slot Time Counter 3 10 bits
Period Counter 1l 5 bits
Slot Memories 1l 37 bits
2 33 bits
Period Counter 9 bits
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2.7.3.6 Second Stage Decormutator

This unit extracts individual parameters from the blocks, identifies each
parameter, and reconstructs the sampling time of each, The flow chart for this
unit is presented in figures 1l and 15 and its operation is described in section
2.7.2.2. The characteristics of ths various memory and arithmetic sections

are defined below:

2.7+3.6.1 Look-Up Table - - 135,000 bits

The Look-Up Table is a memory which contains all information necessary to
identify particular parameters in a block, establish the nominal time of
sach, and provide decommtation circuits with data which will control the
further processing of each block, The size of that memory is computed as
follows:

(a) Slot Identification - 12,980 hWits

When a block is received for decommutation, it will be accompanied by
an address word which identifies which of LOO period and which of 3
slots (A,B or C) that block was extracted from, A total of 1180 slots
must be identified (20 were used for Burst sync) and each requires 11
bits. Hence, 12,980 bits are needed,

(b) Source Identification - 2360 bits

Blocks are assembled from one of three links (Titan, Gemini or Agena).
The particular link must be identified for each of 1180 slots, and 2
bits are required, The total is, therefore, 2360 Hits,

(¢) Periodicity Identification - 3540 bits

VEL vald.ii vivenhD w Wilival.ll yu.l.‘a}ncuux' milLVii ALT IV Wl-&w-l-\l. Py -1 1-J
must be decommtated by a unique method and must be identified, It is
also necessary to know the nominal rate of all periodic parameters, ’
In this particular case, only two such type blocks would exist (64O or
160SPS). It would, therefore, be necessary to provide 2 Wits of memory
which could be used to indicate that the parameters are periodic or are
non-periodic at either rate A(610) or B(160). Hence, the total memory
is 3 x 1180,

(d) Commutation Identification - 2360 bits

Parameters contained in a block will be at Prime, super-commutated or
sub-commutated rates. In addition, parameters may exist which were
programmed by synthesis and which are not compatible with the LOO slot
per Burst channels. These have characteristics which resembls sube~
commutated data, The look-up tahle is organized so that super-commutated
and prime parameters can be handled in the sams way. Hence, these need
not be separately identified, Sub-commutated, and synthesized blocks
which resemble sub-commutation, must be handled in different ways and
must be identified, Hence, each of the 1180 blocks must be identified as
to one of the three types and 2360 bits are required,
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2.74346.3 Decommutation of Prime Rate Parameters

When a block of prime rate parameters occur, the individual values are shifted
into separate registers in the proper channel (Titan, Gemini or Agena)., The
parameter identification is also shifted into the same register, Thes nominal
time of sampling words will be transferred into a memory in the "time correc-
tion" circuit, That unit will then proportion the predicted "error® and obtain
& corrected time estimate. The unit will then read-in the tims word from
storage, add the "correction" and transfer the "correct" time word to the
register which contains the address and value of the parameter, The entire

word is then shifted out, The memory required to accomplish this per parameter
is:

Titan Gemini Agena
Parameter Values 8 bits 8 tits 8 bits
Parameter Address 8 bits 8 bits 8 bits
Temporary Time Storage 16 bits 15 bits 17 vits
Computed Time Correction 5 bits L bits 6 bits
"Correct" Time Word 37 bits 37 bits* 37 bits*
Total 6 vits 62 bits G vits

Bach block can contain up to L parameters, hence, four complete registers must
be provided for a total of Gixl} = 256 bits for Titan, 62xl = 2,8 bits for Gemini
and 6ixl; = 256 bits for Agena.

2,7.3¢6.t Decommutation of Non-Periodic Parameters - 282

A block of this typs data may contain 1, 2 or l samples which may have been ob-
tained from either 1 or 2 different parameters. The number of samples in such a
block may vary from one occurrence to another, however, the four registers must
be provided te handle the maximum case and the system must operate whether all
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shifted into a register along with the identification of the parameter associated
with that sample. Nominal time of sampling is shifted to the error corrector and

& correction is obtained as for prime rate data, Each individual sample is treated

as a separate parameter except that the same parameter address may be attached to
more than one sample, After time corrections are available, they are shifted to
the proper register where the entire word is held in storage. The amount of
memory required up to this point is the same as for a Gemini prime rate block
(although the procedure has been somewhat different) and is 256 bits,

To read the word out, however, requires that an internal clock be automatically
set to the proper data rate, and the clock then read-out the proper register,
To instrument this would require logic in the clock control circuit to contain
2 bits to set the clock rate and 12 bits to enable it to consecutively address
any one of the L registers. As each register accepts a data word, the clock
would be flagged and the identification of that register would be inserted into
clock address unit in the order in which that particular register is to be read.

¥ The Hour and Mimutes portion of this word is derived from Titan time,
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Three bits additional are, therefore, required in each of the registers. The
total memory requirement is:

Parameters with Address and Correct Time 256 ti ts

Clock Rate Control 2 hits
Register Identification 12 Hits
Register Address ___lg_ its

Total 282 tits
2.74346.5 Decommtation of Stb-Commutated Parameters

The contents of a block of sub-commtated parameters appearing in a particular
slot will vary depending on the sub-frame from which the parameter was salected,
It is, therefore, necessary to estatlish which sub-frame is involved before the
parameters can be identified. To facilitate this, the information contained in
the "look-up talle™ for all slots which contain sub-commutated parameters, will
be sub-catagorized by sub-frame identification, Henc e, when a sub-commutated
block is received, the identity and nominal times of parameters is still obtained
from table,

Each Gemini (and Agena) "Time of Sync" word containg a sub-frame identification
muber, When a block of sub-commtated parameters is received, the sub-frame
I.D. is read and the parameter identification is obtained from the "tahle®, The
value of each parameter and its identification is then shifted into registers.
In order that time reconstruction logic can be simplified and the length of time
words, both in the "look-up tahle" memory and the time "correctionn® logic, can
be kept to a reasonsble length, two restrictions are imposed on the assembly of
blocks of sub-commutated parsmeters. First, all parameters in a block will
occur during a single sub-frame, and the maximum time word is limited to a syne
period or 17 bits. Second, all sub-commtated hlocks will bes read-out one sube
IIGHE 1aUGj UIUS GiiOWinE & iuili Gi0ile G paldiicveis W be iikiudod ia every
block and establishing the reference time for each parameter to be that of the
previous sync word, which is still being held in memory, The correction of time
is then accomplished as for prime rate data, The correct time word is then
generated by read-out the next preceding time of sync word and aiding the cor-
rection,

The memory required is:

Gemini Agena
Sub=Frame Identification 7 bits 7 bits
Output Words 256 bits 248 nits
Total 263 Hits 255 bits
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2.7.3.6.6 Decommutation of "Synthesized" Rates

The synthesis procedure, described in section 2.4.2, vhen used to format data
from rates which are not compatible with a /00 slot Burst channel, results in
a pseudo-subcommutation rate. Blocks of this data will appear in different slots
of different Burst messages and each block must be uniquely identified., This is
accomplished by including a block identification word with each block of param-
eters. This block I.D, is read and the corresponding parameter identification
and times are extracted from the "look-up table", The rest of the process is
identical to that used for prime rate parameters. The total memory requirement
is:
Gemini Titan ena
Output Word Assembly L8 256
Block Identification 5 5 5
Total 253 bits 261 bits 253 bits

2.7.3.6.7 Summation of Secomd Stage Decommutator Memory Requirements

Look-Up Table 135,000 bits
Titan Time L5
Gemini Time 123
Agena Time 1h7
Prime Rate Decommutation Titan 256
Gemini 248
Agena 21,8

Non-Periodic Data Decommutator 282
Decom. of Sw~-Com, Data Gemini 263

Agena 255
Decom, of "Synthesized" Data
Titan 261
Gemini 253
Agena 253
Total 137,730 bits
2.7.3.7 Tabulation of Equipment Requirements Counters
Total Memo Quantity ze
(a) Block Formation 5000 bits
(b) Message Sequencer Program 8L00 bits
(¢) Timing Sub-Unit 1 13 bits
3 10 bits
2 Sbits
(d) Burst Synchronizer 36 hits 1l 16 bits
1l 9 hits
(e) First Stage Decommutator 145 Hits 3 10 bits
1 5 bits
(f) Second Stage Decommtator 137,734 bits
Total ISI‘:?IE bits S - ©bits
1 - 9bits
6 - 10 bits
1 - 13 bits
1 - 16bits

2,8 Extrapolation to a General Application

The criteria developed in previous sections, for implementing a Periodic Burst
System, is summarized below:
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2.8.1 Characteristic of the Burst Format

(a)

(b)

(e)
(d)

(e)

(£)

(e)

(h)

A Burst period equals the period of the highest input data rate that
is to be retransmitted periodically,

A1l Burst periods must be divided into the same number of slots so
that the total mumber of slots in the Burst message exceeds the
total number of input blocks (sum of all input samples rate).

All slots of a particular Burst channel must be of the same length,

éll slots are identifi ed by period mumber and Burst channel as 1A,
B, etc.

When multiple agynchronous inputs are available, one of them must be
selected and used to contrel sync of the Burst message.

The Burst message must be correlated with the input link sync at a

rate higher than the Burst message rate, usually the input link

sync rate, The actual rate at which this correlation is required
depends on the maximum possible input rabe error as pecified for

the telemstry link, and the maximm time error which will be

allowed to accumulate, If the accuracy of the specified input

link rate and the rate of link sync are so low that the allowable

error will be exceeded in the time between successive correlations,

one of the other links should be selected to control the Burst message,

Time of occurrence of link sync must be transmitted in a slot of the
Burst message. By comparing the difference between successive time
of sync with the nominal (expected) difference in time the actual
error in input rate can be estimated, That error can be linearly
propartioned to each data parsmeter in the Burst message in accord-
ance with the nominal time of occurrence of that parameter, thereby

L .l't:bu.l.lg e u.uus dawu.l.c.wu -.:.m uaa.u y.;au.o vc.u..

The period format must be adjusted to provide an urused "guard band"
at its end to prevent loss of data when the mput rate is ahove
nominal,

2.8.2 Assignment of Blocks in the Format

(a)

(b)

(c)

Successive blocks will appear in slots which are separated by the
ratio of "total slots per second" to "input data raten,

Slot separations which are not related to the total number of slots
by an interger, will not appear in the same slots of successive Burst
messages.,

In order that slots which will be used by blocks of data having non-
compatible separation in subsequent Burst frames can be fully used in
every frame, it is necessary that these slots be identified amd blocks
from separate input channels assigned in a unique order. These slots
can be identified by synthesizing and formatting an input rate which
is related to the actual non-compatible input rate by an integer and
which also results in a slot separation which is related to the total
slots available as an integer
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(a)

(e)

(£)

(2)

(n)

(1)

(3)

(k)

(1)

(m)

The initial block of data from all input channels must be placed in
a slot in one of the periods between the beginning of the Burst
message and the period which corresponds to the separation of sub-
sequent blocks of data at that rate,

Slots in the Burst format must be assigned for the transmission of
"time of sync" from each of the agynchronous links,

These slots must be periodic at a rate corresponding to the syne
rate of each link,

The initial sync word from each link must be placed in a slot within
one of the Burst periods which occur between the beginning of the
Burst message and the period corresponding to the "time of sync word"
rate of each link,

One Burst channel will consist of blocks from an input channel which
has the same data rate as the Burst Period rate.

A second Burst channel will contain blocks from various combinations
of the next higher compatible input rates,

Compatible rates are those which are related to each other as an
integer and which have "slot separation" which are related to the
total number of slots in the Burst channel as an integer.

Compatible "inputs" can often be synthesized from non-compatible
inputs, For this to be accomplished, it is necessary that the rate
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actual input rates as an integer, and it must also result in slot
separations which are related to the total slots in the Burst channel
as an integer,

A Third Burst chamnel would contain time of sync words for the link to
which Burst is correlated, and for the other links which provide in-
puts. It also contains blocks from other compatible input channels,
as well as hlocks from synthesized "inputs",

Input rates could occur such that symthesis would not be possibtle, In
that case, blocks from those inputs could be non-periodically trans-
mitted,

2,8,3 Implementation of the Periodic Burst Technique for Arbitrary Conditions

In the previous sections of this report, a technique was defined and a wstas
criteria established for the periodic Burst retransmission of data from asyn-
chronous Titan, Gemini and Agena PCM telemetry links via a 40.8KBPS commnica-
tons circuit, In this section, those techniques and criteria are extrapolated
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to cover the general case where the input links and the retransmission circuit
are arbitrarily selected, It is assumed that the number of input links, the
characteristics of each, and the capability of the communications circuit, are
defined prior to an operation and, therefore, this section is an outline of the
procedure for designing a fomat under grbritrarily given conditions and for
programming the system, Limitations which exist in each step of the procedure
are defined,

2.8.3.1 Establishing Burst Periods

The technique defined in the previous section requires the retransmission band-
width to be divided into a rumber of periods and each periad to be divided inte
a muwber of slots. Each slot contains space for a block of data to be periodi-~
cally transmitted,

Figure 5 illustrates the basic features of the Periodic Burst Format. It can
be seen that the message (Retransmission Bandwidth in KBPS) is divided into
"N" periods per second, and each period is further divided into "™M" slots and
a guard band, The design of the Burst Message begins by determining values of
N and mn.

To define the Burst period, it is necessary that each input link be examined
and the following characteristics of each extracted:

(a) Input data rates from each link,
(b) Number of parameters at each rate.
(c) synchronization rate of sach link,
(d) stability of each link,

(e) Number of bits per data word.

Figurel7is a logic Flow Chart of the process involved in definine the mmhar af
periods to be included in the Burst format., The procedure is described below:

Step 13 Compute lowest number of periods which will be compatible with all input
rates. In order for data at any given rate to be periodically trans-
mitted, it is necessary that the rate be related to the mummber of
periods in the format by an integer. Hence, when more than one rate is
tobe transmitted, the number of periods must be selected so that integer
rel gtionships exist with all rates, That is, number of samples (%) at
rate No, 1 is to rate number 1 (Ry) as the mmmber of samples (No) at
rate No. 2 is to rate muber 2 (K2) etc. Mathematicallys

Nl1=N2 = N3 etc. =K
R R

where "K" is the mumber of periods required in the output fomat for
all input rates to be periodically transmitted, This value of "K® is
the preferred choice for period rate and is used in the first attempt
to design the fomat,
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Step 2:

Step 3:

Step li:

 Step 5S¢

Compute Bits per Period, The mumber of bits which can be retrans-
mitted during a period depends on the retransmission bandwidth (B)
in bits per second and the period rate (k) in pesriods per second,

Hence, "P" (period) = ;_ .

Compute Words per Period., The mmmber of words which can be transmitted
in an established period depends on the length of each word, Informa-
tion conceming the length of all data words is extracted from the
input link characteristics, If all data words are the same length,
that length is noted and used to compute the words per period, If
different length words are involved, the longest is gelected as the
basis of the calculations, This assures that all length words can

be transmitted, albeit with a reduction in bandwidth utilization
efficiency whenever the shorter words are transmitted, After word
length has been estatlished, the computation of words per period
involves dividing "P" (step 2) by the word length,

Compute Slots per Period., In the Periodic Burst system a data block
will contain an integer number of parameters at a given rate from a
particular link, In order that these blocks can be transmitted, e ach
period must be divided into slots where the blocks can be placed, In

a general case, the mumber of blocks will exceed the mumber of periods,
and each period must contain more than one block. In order to simplify
the future design of the sequencer which controls the transmission of
blocks, it is required that (except for minor exceptions to be discussed
later) all periods be divided into the same number of slots, Dividing
the total mmber of blocks to be transmitted per second by the number
of periods per second will result in the minimum muber of slots which
must be provided in each period., Because fractions of a block cannot
be efficiently tranmitted, it is necessary that each period be divided
into an integer number of slots, Hence, if the computation of slots
per period, obtained by dividing periods per second by blocks per
second, results in a mixed number, that value must be increased to the
next higher integer, For example, if it is computed that 2,3 slots are
needed per period, it will be necessary to provide three slots psr
peried.

Detemining Adequency of Slot Sizes: After the number of slots which
mst be provided in each period has been detemined, a basis exists
for testing the suitability of the design to this point, First, it is
obvious that for the required mmmber of blocks to be included in a
period with each block containing some integer mumber of words the
total period must be at least as long as the number of bits per word
times blocks per period times words per block, It then follows that the
nutber of words per block must be estahlished, This is done by again
considering the operational requirements, By determining the total
nunber of words which must be transmitted each second, and dividing
that number by the number of slots in the message, the average number
of words per block can be compiited, It is not required that all blocks
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within a single period be of equal size, however, correspondingly
placed blocks in all periods must be the same sigze, Furthermore,
the nunber of words in a period must equal the average words per
block multiplied by slots per period, If this product is not an
integer, ‘the number must be increased to the next higher integer,
For example, if the average word per block is 2.75 and each period
contains 3 blocks, the total bits per period must equal 3x2,75-8.25
raised to 9, the next higher integer.

If the period is large enough to handle the required rumber of hits,
a logic "yss" is obtained and the design of the message can continue,
If, however, a logic "no" is obtained the size of each period must be
increased, To make a change in the period size, it is necessary that
a new period rate be selected. Now it should be remembered that the
initial period rate was the lowest rate compatible with all input
rates, Hence, when this period rate is reduced, some input rates will
no longer be compatible and therefore cannot be periodically Burst
tranmittedo

In gelecting the new lower period rate, it is necessary to identify
vhich of the input rates will be periodically transmitted and which
of them it would be acceptable to transmit non-periodically. After
this has been accomplished, a new period rate which is compatible
with the identified "periodic rate™ is computed, This new period
rate is then fed back into the logic at step 2, and steps 2, 3, L
and 5 are repeated. After a "yes" is obtained at step S, the design
contimes,

Step 6, Determine if sufficient guard bits are available, The sync
rate and frequency tolerance of each link is extracted from the input
Tinlk chorantarietice. One link ic calantad tn rantml tha famatian
of the Burst message. The maximum time error which could occur between
sync words on the selected link if the frequency was at the maximum
specified error is calculated, This time is then converted into hbits
on the retransmission circuit,

The nunber of bits correponding to that error is added to the mmber
of bits per period containing data words and compared with the number
of bits which can be transmitted in a period, If the period cammot
handle the required data plus guard bits, a logic mo" is obtained
from step 6, When the logic "no" is obtained, a check is made of the
sync rates and tolerances of the other input links to detemine if one
of these would require fewer guard bits, If such is found to be the
case, this other link is selected and again the availability of guard
bits is tested, If a link camot be found which requires few enough
guard bits to satisfy the period, it is necessary to select a lower
period rate. The lower rate is tested for compatibility with the
rates to be periodically retransmitted and, if compatible, is fed back
into the logic at step 2. A1l intermediate steps are then repeated
until a logic "yes" appears at the output of step 6,
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Step 7. Detemine if maximm bandwidth utilization efficiency is accept-
able, At the completion of Step 6, the characteristics of the Burst
period which can handle the required data is available. This remaining
test is to determine if, by using the defined period s & satisfactory
utilization of the retransmission bandwidth can be achieved, A defini-
tion of what is acceptable depends on many things, such as the priority
of parameters which can be intluded in the designed periods and the
priority of the parameters which were not included, the availability

of additional commnications circuits, the cost of establishing or

using other circuits, etcs In the final analysis, however, the
definition of acceptable MBUE is a matter of the judgement of the
designer, It should be noted, however, that some slots will be required
for Sync, Timing and possibly parity, and the actual bandwidth utiliza-
tion efficiency will be lower than the MBUE calculated by dividing bits
of data per period by total bits per period, The amthors of this report
believe that the MBUE should be at least 90% and a goal of 95% should be
sought, If an acceptable MBUE is not achieved, a new period rate which
meets the compatihility criteria should be sel ected and the design logic
repeated from Step 2. After a satisfactory MBUE has been achieveg, the
periods and, therefore, the basis for the message format has been defined.

2.8.3.,2 Assgignment of Blocks

In the procedure outlined in Section 2.8.3.1, Burst periods and slots were de-
fined, Also, a decision was made as to which link would control the Burst message,
and input rates which must be non-periodically transmitted were defined. The
next part of the process is to establish specific parameters to be assembled into
each block, and to define the slot location in which each particular block will
be transmitted, This is accomplished as follows:

Step 1.

S‘bep 2e

Step 3.

Step ho

Step 5.

Examine the formats of each input link and extract. and tabulate. the
sampling rates and number of parameters at each rate, This will result
in a compilation similar to Table I.

Detemine the channel nunber of all parameters at each rate and decide
which parameters are to be Burst transmitted,

Select all parameters to be assembled in separate blocks s and assign a
particular continuous selsction buffer to assemble the block. Note the
address of the buffers which have been selected for each block,

Assign Burst sync to slot 1-A, and to subsequent slots which are separ-
ated by the ratio of total slots per Burst channel to the sync rate of
the channel which was previously selected to control the message., Load
the address of the Burst sync generator into proper positions of the
sequencer,

Assign '"Time of Link Sync" to Slot 1B, if the periods are divided into
three or more slots, or to slot 2A if the periods are divided into only
two slots. Load the address of the time memory in the proper position
of the sequencer.
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Step 6. Assign a block of the highest periodic rate parameters to slot 1C.
Subsequent blocks of the same parameters will appear in the "C"
slot of every period. Load the address of the buffer which contains
these parameters into every "C" slot of the Sequencer.

Step 7. Determine suitable slots for the still unassigned blocks. Regin with
the highest rate parameters and make assignments in consecutive order
to the lowest rate., If more than three slots per period are available,
assign the D, E, etc. slot first, After these are fully assigned, pro-
ceed with assignments in Burst channel A, leaving channel B to still
be assigned., Note the addresses of each buffer and load those ad-
dresses in the proper positions in the Sequencer,

Step 8, Assign "Time of Sync" blocks to "B" slots of suitably located periods.
Load the addresses of each "Time of Sync" memory into the proper posi-
tions of the Sequencer.

Step 9. Assign remaining blocks to ™B" slots and load the addresses in corre-
sponding positions of the Sequencer. "Non-compatible" rates which are
assigned by synthesis should always be assigned to "B" slots so that
space can be available for including a block identification word,

2.8.3.3 Adjustment of Timing Sub-Unit

Figure 12 is the Block Diagram of the Timing Sub-Unit, This part of the procedure
is to adjust the various counters in tais unit so that the Sequencer will be caused
to address the various memories at the proper time,

Step 1. Adjust "Sync Delay" so that the delay is greater than the control link
tolerance multiplied by the control link nominal sync period.

Step 2, Adjust "A" counter to the time required to transmit a block in burst
channel "A",

Step 3. Adjust "B" counter to the time required to transmit a block in burst
channel "B",

Step L. Adjust "C" counter to the time needed to read a "C" block plus a guard
band.

Step 5. Adjust "Period Counter™ to the number of periods per sub-frame,

Step 6. Adjust "Limit Counter" to be equal to the guard band included in
Step h.
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2.9 Periodic Burst Simulation Program

This program simulates a technique by which decommutated telemetry
data is accepted from three independently transmitting scurces,
sampled, and selected data is reformatted and sequentially re-
transmitted preserving the original data sample rates.

2.9.1 Generel Description
The principal part of the program, which simulates real time
operational capability of the retransmission processor, is
written in FAP. Two FYRTRAN subroutines, labelled SLIP and CARDS,
are used for reading into memory the conditional information
specified for a particular operating period. Subroutine SLIP
reads in the time variance, if any, specified for Titan data.
Subroutine CARDS reads in the selected data channel identification
numbers, source codes, and the associated dats sampling rates.
The FPRTRAN subroutines read in these data from the data deck in
& one-time operation. The main program first calls the F¢RTRAN
subroutines and then initializes itself for real time simulation
using the specified time variance value and data channel selections.

The real time simulation consists of reading data from the four
input tapes in the sequence of decommutation, determining if the
data is a sync word or selected channel data, and reformatting
the data accordingly for output records. One (normal) out-

put tape is written which records the serial retransmission
format of the selected data, plus sync time words and sync count
for each source sync word received, and includes a master sync
word for each output record. A second (auxiliary) output tape
is written which records all decommutation times and data word

LHPULS I10W VaS IOW Lupuv LeapSs ih v BSCYUSLICT Ul PIUCTRO1InG.

The output tapes are processed off-line to obtain hard copy
printouts which can be correlated to similar hardcopy printouts

of the records on the input tapes. The sequencing of data and
times on the output tapes is interleced in such order as to enable
reconstruction of all actual processing times to the accuracy of
linear interpolation.

2.9.2 Input Parameter Cards
The data deck for the simulation program consists of the follow-
ing:

Card 1 - Time Varience Card (Format Ik)
Card 2 - Selected Channel Count (Format Ik)
Cards 3 to N - Channel Specification Cards (Format 2I4, E8.3)

Time variance is specified in units of 1 microsecond per data
channel decommutation at the highest sampling rate, namely the
Titan 40O-8ps. To represent the worst case situation of sccumu-
lated time of processing slippage the program attributes the
effect entirely in one direction to Titan data times only during
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each resync period of the processor, nominally 50,000 micro-
seconds.

The selected channel count may be any integer up to a.maximum
of 122 which specifies the actual number of channel identity
cards which follow.

The channel specification cards give the source code (1 to 3)
and channel identity number in the first two fields (2I4)
respectively, and the pointed-decimal value of the data sample
rate in the third field (E8.3) in units of 1 sample per second,
to an accuracy of three decimal fraction places. The number of
channels selectable for each combination of a data source and
sample rate is limited by the maxima specified in Table XIX,
wvhich must not be exceeded. If the data deck contains too
many channel identity cards for a particular source and sample
rate subroutine CARDS and/or the main program will malfunction
and come to an error halt before accepting any input data from
tapes.

Table XVIII Number of Channels (Maximum)
Selectable for Source and Rate
(Source Code 1 = Titan, 2 = Gemini, 3 = Agena)

Source Code Rate No. of Chans
1 %00. 4
1l 200. 4
1 100. 4
1 Lo. 8
1 20. 20
P 55 )
2 10. 2
2 1.25 8
2 116 2k
3 16. 16
3 1. 4
3 .2 20

2.9.3 Input Data Tapes
Data inputs to the system are simulated by four binary record
tapes. One tape (RC 491) represents time data. The other three
tapes represent the data outputs from the Titan (RC 1618),
Gemini (RC 1619), and Agena (RC 1620) decommutators. The
records on these input tapes are read into memory buffers on
a reload needed basis. Individusl data words from each source
and the time words are processed by the simulation program in
the sequence which represents actual data receipt and decommutation.



2.9.4 Output Tapes
Two binary output tapes are written by the simulation program.
One (normal output) tape records the 60-time slot contents of
burst message reformatted data representing the serial retrans-
mission output of the telemetry burst processor. The second
tape represents all data and channel identities read from the
input tepes, decommutated and interlaced with the associated
times of decommutetion. If the time variance specified by
date card 1 is other than blank or zero, the time of decommuta-
tion of Titan data is cumulatively modified by the program to
represent time slippaege within each resync interval of the
processor.

2.9.5 Hardcopy Printout

The two binary output tapes are printed out by the standard
IBTAPE conversion routine of the FPRTRAN monitor system. The
printout represents four 36-bit data words to a line. Each
data word is printed in 12-digit octal code. Every odd order
data word is decimally numbered. The data words belonging to
each output record are grouped together and each output record
is headed by & sequential decimal number.

2.9.5.1 Burst Message Records
The first output record is the initial sync record and repre-
sents only sync information up to the time of the first Titan
sync. Word one contains the master sync pattern and sync
count equal to 1. Word two contains the time, modified for
Lilppugs, wuub oo Jirst Tilan Syac was GcoTouCas. Worais §
7 and/or 37 contain the latest (up to 2) times that Gemini
sync was detected and the corresponding Gemini sync count.
Word 4 contains the latest time, if any, that an Agena sync
was detected and its sync count number. All other words con-
tain zeros since retransmission positions for data cannot be
fixed until after master sync conditions are established, based
on the first Titan sync. All other output records are in normal
60-word formats. Words 1, 2, T, and 37 contain the master sync
and sync times, as for the initial sync record. The Agena sync
time word commtates through the sequence: word 4, word 19,
word 34, word 49, absent every fifth message, and then repeats.
A1l normal format 36-bit data words represent a single time
slot of reformatted data, i.e., up to four 8-bit data words
at a single sample rate. They are unpacked by dividing the
12-digit octal code into four 3-digit octal data words. The
time slot assignments are given in Table XX.
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Table XIX Burst Retransmission Time Slot/Data Assignments

(1)Max No.

Source Code Data Sample Rate Time Slot Assignments Data Chans

1 400. 3,6,9,12,15,...,60 R0

1 200. 5,11,17,...,59 4

1 100. 8,20,32,4k,56 L

1 Lo.(First group) 13 & 43 b

1 40.(2nd group ) 28 & 58 4 (2)

1 20. (First group) 25,40,46,55 16

1 20.(2nd group ) 14,26,38,50 16

2 40. (First group) 22 & 52 b

2 40.(2nd group) 28 & 58 L (2)

2 10. 16 & 31 (0dd msgs) 8

2 1.25 31 (Even msgs) 8

2 116 16 (Even msgs) 24

3 16. 4,19,34,49 16 (3)

3 1. 10 20

3 o2 None 0
Notes:
(1) The max no. of date channels in TableXVIIreflects the no.

(2)

(3)

vhich could be accommodated in the time slots of the periodic
burst retransmission format. This does not necessarily mean
that that many channels at that rate are actually aveilable in
the independent source periodic burst formats. It could be
more or less. TableXVIIIreflects the lesser maxipum.

Time slots 28 and 58 are shared by Titan and/or Gemini 40-Sps
Ante Aam o Taca o 2 ... Vo ke ] - - - =

CTTES LD Vo UL LRAT LARN T WUV CiGCAD GerD d i i

for— béth sources.,

The 16-Sps Agena data channels are Placed in the time slots
4, 19, 34, 49 interlacing the Agena sync time words between
vhich they were decommtated.

2.9.5.2 Time-Channel Output Records

The time-channel output records all consist of thirty-eight
36-bit words. Words 1, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33 and
36 are all time words. Words 1, 9 and 15 represent times for
the Geminl data following. Word 1 also represents time for the
Agena data following. Words 1, 9 and 15 are not modified for
time slippage effect. All other time words associate with the
Titan data following and are modified for time slippage effect
if any was specified. All other words represent data channel
identity numbers and the data itself, if any, as decommtated.
The initial 6 octal digits are always zero in the data channel
words. The next 3 octal digits give the channel identity.

The final 3 octal digits give the 8-bit data word or repeat

the channel ID number to indicate absence of data. Words 2

and 3 give Agena channels in the order decommrtated. Words L,
5s T» 8, 10 and 11 give Gemini channels in the order decommutated.
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The remaining words give Titan channels in the order de-
commutated.

2.9.6 Simulation Program Operation
The periodic burst simalation program is executed as a job
processing run under control of the F¢R‘I‘RAN 2 system and
monitor. The object deck consisting of binary program deck
Pplus data deck and control cards is loaded from the card
reader, or preferably from tape, after going card-to-tape
on peripheral equipment. The system uses the following
tape transport assignments:

Tape Unit Assignment

— AT TPRT 2 (SYSLB1)
A2 CARDS IN
A4B Periodic Burst Message Output
ASB Time-Channel Record Output
B3B Gemini Data Input (RCL619)
B4B Time Data Input (RCLOL)
BSB Agena Data Input (RC1620)
BTB Titan Data Input (RC1618)

2.9.7 Simulation Program Logic
The simulation program logic and sequence of operation is
given in the form of a simplified flow chart in Figure 19
The headings, such as TA1Cl, which appear over the functional
blocks in the flow chart, are the same as the headings used
for the associated program segment in a complete listing of
the program.
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2,10 Demonstration

For the demonstration two different sets of parameters were selected to be
"transmitted" in the simulated program. One of these sets contained 29
parameters preselected by RCA. A preliminary run of those parameters was
made several days before the scheduled demonstration, and a print-out was
available for examination and was discussed with the Technical Representative
of the Government.before the demonstration, The parameters (channels) con-
tained in this set are shown in Table XX,

At the completion of the discussion, ths Technical Representative was allowed
to select a set of different parameters to be Burst "transmitted® during the
demonstration, He selected parameters which were assigned slots as shown
in Table XXI. During the subsequent demonstration, this particular set of
parameters could not be transmitted and the witnessed Burst message contained
the preselected parameters which had been previously discussed, A later in-
vestigation as to the reason why the set of parameters in Table XXI did not
work was made, This showed that the Technical Representative had been allowed
to select 6 Agena 1,0SPS parameters, whereas the simulation program could only
handle li such parameters, Two of the specified 1,0SPS Agena parameters (num-
bers 20 and 205) were deleted, thereby reducing the total mumber of parameters
in the set to L6, The modified set was then run and a copy of the print-out is
being forwarded to the Technical Representative,

Most parameters in the demonstration contained fixed values, nmumerically equal
to the channel nurber, A few of them, however, contained actual data. One of
the LOOSPS channels selected by the Technical Representative contains a ECG
record. That parameter was selected for analysis, Figure 19 is a plot of a
portion of the ECG Data. It can be seen that the plotted portions of this data

change rapidly,

For the demonstration, a delay equal to 53 microseconds per Burst period was
inserted so that subsequent parameters actually occurred in 2500 microsecond
intervals, The first 13 of these samples are plotted on an expanded time scale
at the actual input rate of one sample per 2553 microseconds and is represented
by the s0lid curve of Figure 20, The dashed curve of the same figure was con-
structed from readouts of the parameters at 2500 microsecond intervals where
the time assigned to each parameter corresponded to the readout time, Ex-
tremely large errors resulted as shown

The "time of Titan sync" word, which appears as the second word of each Burst
sub-frame (Slot B) was r ead for successive Burst sub-frames, A difference of
26,880 units was found., Bach unit is equivalent to 1,9 microseconds and a time
difference of 51,072 microsecond was found to exist., This difference was divided
by the 20 periods per sub-frame and showed thaf data was ocaurring at 2553,6
microsecond intervals, From the design of the Burst message, it is known that
blocks are readoutat 2500 microsecond intervals,
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Table XX

Preselected Parameters

Source
Slot Assigmments Code Rate Chan ID Nos. Total
O =Hords 3,6,9, ... ,60 7 40O, 181 190 2
"Bt=Words 5,11,17,.,59 T 200, 169 1
"Bt*=ijords 8,20,32,.,56 T 100, 131 149 2
"A"=Words 13 & U3 T bo. 95 98 2
"At=Word 55 T 20,15 23 51 71 N
mAw=Words 22 & 52(First m} G . 5 35 65 95 138 5
"A"=Words 28 & 58(5th)
"An=Word 16(0dd # Msgs) G 10, 169 1
"At=Word 31(Even # Msgs)** @ 1,25 163 164 165 166 k
"4 <Wors 1S{Even & Hass) o G 428 373 37437 8 L
"A"=Words L,19,3k,L5* A 16, 23 53
mAn=word 10** A 1, 129 2k 2
29

Notes: ¥ In commtation sequence.

*¥as occurring in subcom sequence.
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The occurrence of the first block is locked to the occurrence of sync, and will
actually take place a fixed delay later, It is assumed that Burst readout will
be delayed 1200 microseconds and will occur every 2500 microseconds thereafter,
The time of the first sample is then established by subtracting the fixed delay
from the readout tims, These are identified on Figure 23 as R1,Rp,R3,etc,

If that fixed delay is subtracted from each block time a curve can be recon-
structed, The dashed line in Figure 2] represents sich a reconstructed curve.
The errors at each readout time are shoom. These errors represent the differ-
ence between the value of the parameter which was stored in memory 1200 micro=-
seconds previously and the value which should have been stored,

Table XXII lists the times of various samples and corresponding resampling,
and the absolute magnitude of the resulting error. Several things can be noted:

First, the delay between readin and readout is contimally decreasing; second,
the time between the actual occurrence and the assigned time continually in-
creases. Third, the absolute magnitude of error depends on the slope of the
curve at the place sampled and the total time which has elapsed since the be-
ginning of the sub-frame,

By detemining the actual time between samples to be 2553.6 microseconds, the
time of each sample can be more accurately established. This can be done by:

(1) Determining the difference between the input interval and the Burst interval,
i.e., 2553.6 - 2500 = 53,6 microseconds,

(2) Reduce the fixed dslay between readin and readout (1200 microseconds) in this
case by 53,6 microseconds per block except the first, If this technique were
assigned to sample mumber mix in Table XXIII, it would be found that:

(a) The event occurred at t 12765

(b) Readout occurred at 13700 v

(c) The delay has decreased from 1200 by 5(53,6) or 268,

(d) The assigned time should be 13700-1200+268=12,768 microseconds.

The 3 microsecond difference (12768-12765) is probably due to the 1.9 microsecond
per unit factor, which was multiplied by the di fference between successive Titan
time words, being rounded off and slightly in error. In any event, on the curves
of Figure 23, it is not possible to plot 3 microsecond, arnd the reconstructed
curve wuld lie on the solid line, Hence, the error at Point 6 would be insignifi-
cant, Table XXIII is the residual error at each point plotted on Figure 23,

2,11 Conclusions and Recommendations

The Periodic Burst Technique has been found to provide a means for transmitting
large amounts of PCM data from miltiple asynchronous telemetry links, without in-
troducing large asynchronous resampling errors. This capability is achieved by

a unique way that time words are merged into the Burst format, An efficient
utilization is made of the communication circuits bandwidth (2$90%), the psriod-
icity of individual samples is maintained, and the delay between the initial
reception and the final display or processing at a user location of each parameter
is less than one period at the rate of that particular parameter,
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Sample No, Time Occurred Time Read Time Assigned Absolute Magnitude of Error

Table YXII.

Magnitude of Error Resulting from Time Errors

1

@ =3 o N W N

to
t 2553
t 5106
t 7659
t10112
Y2765
t15318
Y7872

%1200
t2700
16300
t8700
t13200
13700
t16200
18700

tO
%2500
t5000
t7500
*10000
¥12500
t15000
t17500

o
1.0
1l
3

3
10
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Table XXITT

Residual Errors After Correction

Sampling Time Magnitude
Time Error _Slope Error
0 0 -0,0026 0
2500 .6 -0,0026 ~0,0016
5000 1.2 ~0,0026 ~0,0031
| 7500 1.8 0.017 0.031
‘ 10000 2.k 0.017 0.0l
’ 12500 3.0 -0.0kk -0,128
| 15000 3.6 -0.0lk -0,158
17500 k.2 0.0401 0.168
20000 L.8 0.0L01 0.193
22500 5.0 -0,0166 -0,09
25000 6.0 ~0.0166 -0,10
! 27500 AL n_mi& n_ o0z
30000 742 0.01L6 0.105
32500 7.8 -0,0154 ~0,12
35000 8.k -0,0154 -0.13
37500 9.0 0,009 0.081
14,0000 9.6 0.009 0.086
L2500 10.2 -0.0086 0,088
115000 10.8 -0,0086 -0.093
L7500 1.4 0,009l 0.107
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To a large extent, the Periodic Burst System could be implemented with existling

units, The only area of development uncertainty is in regard to synchronization
of the Burst Decommutator.

It is recommended that the Burst Study be continued in two areas:

(1) Develop and fabricate an engineering model of the Burst Decommutator
Synchronizer (discissed in section 2,2,2.3) and establish the per-
formance boundaries of that equipment,

(2) Accomplish a design study which would result in detailed specifica-
tions of a Periodic Burst System and specify by nomenclature, manu-

facturer and model number all equipment which could be used as part
of the system,
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3. Comparison of Periodic and Blocked Burst Techniques

The Periodic Burst Technique has been described in the preceding section of
this report, and the Blocked Technique is described in Appendix A, In this
section, characteristics of the two techniques, which are considered signi-
ficant from an operational or implementation viewpoint, are compared.,

301 Tme Delaz

The time which elapses between the selection of a sample and the time it is
displayed is a delay, This delay results from propagation time, machine
operating times, but mostly to the amount of time the sample is held in
memories, In the Periodic system the maximum length of time a sample is held
in storage before transmission is one period at the data rate. At the display
terminal of the system the storage time is very small and the total delay in a
system of this type is in the order of 1 period at the particular data rate,
In the Blocked Technique, a parameter may remain in storage as long as 0,25
Seconds before it is transmitted and may again be stored for up to 0,25 seconds
before being read-out for display. Hence, a total delay of up to 0.5 seconds
is possible,

3.2 Memory Sizes

The total memory required for the Periodic Technique was computed in 2,7.3.7,

to be 151,315 bits. In the Blocked system, it was found that 108l words

(8672 bits) was needed for the storage of parameters at the transmission
terminals Ab lsast thabl many more wouid be needed ior adaresses, AU the
decommitation terminal, at least 8672 bits would be needed to store decommutated
parameters until they can be read-out for display, In addition, a Look-Up Table
WSy ) weiiGh WOULU CUITCLavE Wit iueuvivy and sampiing Limes oi parameivers in a
block with the input links from which they were selected, would be required,
This Look-Up Table would be approximately the same size as the one used in the
Periodic Technique, It is estimated that the total menmory requirement of the
Blocked system would be about 10,000 bits larger than that of the Periodic systen,
or 161,000 bits,

3.3 Bandwidth Utilization Efficiency

The Periodic Burst system was found to achieve a BUE of 87.8% for the particular
conditions (Titan, Gemini and Agena) vs 96.0% for the Blocked System. It is es-
timated that the maximum practical BUE for the periodic Burst system would be
~about 95%, The Blocked System is thought to have achieved about its maximum
possible (96%) in the specific case examined, Other conditions could cause that
achievement to be reduced, and it is expected that BUE's of about 90% may be
realistic for an arbitrary combination of input links and communications circuits,

3.4 Recommendations

The Periodic Burst Technique is recommended,
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APPENDIX A

BLOCKED BURST TECHNIQUE

Blocked "System" Summary

The Block Burst retransmission system receives data from 3 input links- Titan,
Gemini and Agena, and provides an output in block form at a tit and frame rate
which is different from the input links. The rates are listed as followss

Bit Rate Frame Rate
Titan Input 172.8 kb/s 20 £/s
Gemini Input 51.2 kb/s Lo £/s
Agena Input 16,38l kb/s 16 £/s
Burst Output 40.8 kb/s L /s

The quantity of available input data far exceeds the retransmission capability,
therefore, a selection of input data to be retransmitted must be made, The main
considerations of a retransmission system which must provide time of occurrence
along with the data parameters, are data time delay and bandwidth utilization
efficienty (B.U.E.). The data time delay is the time between data occurrence

at the input on the retransmission system and data availability to the user.
B.U.E. is a measure of maximum possible output data based on the output data
rate versus the actual output data. Bach output frame contains three blocks,
one from each of the three asynchronous Titan, Gemini and Agena telemetry links,
A block will contain all the data samples selected from a given input link over
some period of time., That period will contain an integer number of input frames.
In this particular system it has been found that a minimum output period equals
0.25 seconds, and contains three blocks, one from each input link, Each block
is also assembled during an 0.25 second interval and contains data selected from
5 Titan input frames, 10 Gemini input frames, and L Agena input frames,

Memory is required to store selected data samples until the block is readout,
There is same overlap where read-in and read-out gimiltaneously occur, therefore,
a full 0,25 seconds of samples do not have to be stored. For an assmmed data
mix of 147 Titan word/frame, 50 Gemini word/frame and 10 Agena wrd/frame, a
memory of 1080 word capacity is required.

3
A typical arrangement of the format words in the output frame is shown in the
following figure:

Titan Gerini l Agena
Prime E Prime
Outout 213 1L 1s | Hkels ¥4 ] 1 Output
Synec — Sync
-—
Time o Sync ™ Time Ch Address
Day Tolerance Separatio
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The time of day word will contain units of hours, mimtes, seconds, and micro

seconds. The time word indicates the time of occurrence at the receiver terminal '

of the retransmission system of the first input data frame in output frame. In
the case shown, it wuld be the time of the first Titan frame in the Titan block.
Once time is established at the start of the output frame, all data within the
output frame will be referenced to this time, The time of the first frame of
each block is detemined from a channel separation word. That word is a measure
of the delay between the transmitted time of day word and the beginning of the
first frames of the other two blocks.

The time of occurrence of parameters selected during subsequent input frames and
assembled into a particular block, can be reestablished from a "Sync Tolerance
Word® which is a measure of the difference between the actnal input sync rate
and the nomingl input sync rate. The address words are used to identify the
prime input frame mumber. Since the input frames following the first frame of
each block are in mumerical ascending order, it is only necessary to identify
the first frame of each block,

Al Establishing the Burst Period

A Burst period is defined as the time in which all inputs have cycled through
the smallest number of complete frames, Thus:

T
Lef-B-B=Tnop
n 5 I, I, T,

w

vhere N = mmber of complots Sramas

f = main frame rate;for three input only
. £ f
. = N, _f1

for the case of Titan, Gemini, and Agena.

where Titan = f; = 20 frames/sec.
Gemini = £, = 4O n

Agena =f3 16 "
2 N
=M =73
20 5
\f T — - -
N = 1 2N,
N, =20y 2y
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An output period will contain three blocks, each selected over an integer
mmber of input frames. Hence, Ny, Ny, and N, must be integers. By inspec-
tion of the above equations, it is seen that 2 satisfactory solution is
obtalned when:

:l=5

N2=10

N3 =14
and -

=5=10=h= ° °
P ol 3.5 = 0.25 sec

A.2 Detemination of Maximum Number of Selsctable Parameters

The mmber of parameters which can be selected from each input frame of a given
input link is equal to the retransmission bandwidth allocated to that input link,
divided by the input frame rate and word length,

It is obvious that in an output period of 0.25 seconds, the total number of words
which can be transmitted is 40.8x0.25/8 = 1275, If these were all Titan words
it would be allowable to selsct 1275/5 = 225 words per input frame; if all
Gemini words, 1275/10 = 127,5 words per input frame; if all Agena, 1275/} =
318,75 words per input frame,

In a more representative condition, where blocks from all input links are in-
cluded in the output, it is evident that fewer words can be selected from each
input frame. It is assumed that the output capacity is equally divided between

Al Al S eencd VI el sl e VY e LAV S e WY oale M wvvmbh oo 2 comendea
WIS VILTO LMPUY LLUNS 9 TR Wiild UST L) WUIUD pTi vaven s LA  LAMNLGA Ve WYaWD

which can be selected per input frame is then:

mer_ . Vawlst 0w o e s Vadhea 1o o . VA=A Al A
L.l.lﬂ" L 22/ 8 Ve A Petidn bl Mplm S [ oS -0y SN S e Sy Sy N @ b @

It is evident that other mixes are possihle,
A.3 Effect of Input and Output Link Tolerances

Consider the case where only the Titan link is used. If the data input period
is less than the data input period, then the difference in time multiplied by
the input selected data rate (nmot to exceed 255 words/frame) would be the over-
flow (Zo). Consider the following figure:

Period (X-1) Period X Period (X+1)
Input Data F X j
yA
f— 210
Period (Y-1) _ Period Y Period (Y+l)
Output Data '( Y d



The data overflow (Zo) is detemined as follows:
ZIO = tims difference =Y - X
Overflow (Z ) = R, x Zpg where R, is the input data rate and Z, is not to
o) " 353 255 words/frame.

If the data input period is greater than the data output period, then the dif fer-
ence in time multiplied by the output data would be the underflow. Consider the
following figure:

Input Data
Period (X-1) Period X Period (X+1)

Output Data —  k—2y
Period (Y-1) Period Y Period (Y+1)

The data underflow (Z;) is detemined as follows:
Zoy = time difference =X - Y
Data Underflow (2y) =R, X Zry
where R, is the output data rate,

Lastly, the third and most ideal case is when the data underflow ordata over-
flow equals zero, however, tolerances of the input and output links makes this
condition for all practicables purposes impossible., Since underflow of data is
allowable (no loss of data occuurg the maximm nmumber of words selected must
be based on the maximum input data rate and the minimm output data rate.

Consider that the input link has a rate tolerance of .05% of 172 Kb/s, in

P 1 o e e
Vorms of i is/sece, wis is + 30 Lits/asc. AlB0, Conaideiing Wat s cubput

link has a rate tolerance of - + 01%, since it is a ground link, or + 4.0 Hits/
sec. for all practicable purposos the tolerance of the cutput link can be

lcg.l.e\. ueu a5 Ai;a y.u.uuuu ve

In a condition where the incoming data rate is a minimum of (172.8-.09)Kb/s.
The maximum utilization loss of output data locations is the difference between
the maximum input data rate and the minimm input data rate multiplied by the
ratio of the output data rate divided by the maximum input data rate, or ex-
pression of the utilization on loss due to rate tolerances in equation form,.
Output rate
U.L.(g) = (maximum input rate - minimum input rate) X Max. In. *®

- (172.89 Kb/s = 172.71 Kb/s) lsO:B Kb/s
10,8

s
= 180 X Y Ll bits/sec. maximum

or 11 bits/output frame,
The above discussion has only considered the Titan link, however, it can be

readily seen that the combinations of Titan, @emini, and Agena utilization loss
will be less than the utilization loss of Titan alone.

A-bL



AL

MEMORY REQUIREMENTS

The question might be asked as to whether we need storage for
Titap input data during Gemini and Agena transmission this can
best be explained by the following timing charts:

K¥——1Input Period

Titan 1 2 3 L 5

Gemini 1l2i3h}5l6]718 |90

Agena 1 2 3 L

— Gutput Period ———

Output } Titan Gemini | Agena

If it were required for readout to occur at the leading edge of
frame 1 of each channel then it would be necessary for additional
storage. However, since the selected input period is a common
multiple of all channels it is possible to move the frame slots
in phase and still be in time-lock. This would mean that the
start of the period would occur at some time other than the
leading edge of a frame or the first frame after input channel
sync. This can be best shown on the following chart.

Where @, B & ® is the phase shift sync of each channel burst
and the phase lock time and ', B' & of ' is the phase shift
between the sync prior to phase lock of each channel and the
phase lock time, The period of complete cycles of all channels

is T -

It can be seen that though the storage is dependent only on the
input word rate and the number of input words per frame, extra
storage for buffering between other channels rates is not
necessary as long as each channel has a block size which is
independent of output frame rate for any one program. Constant
but non-related block sizes allow the input chammels to be phased
locked thus all channels will track together and overflow or
underflow of any one channel will be a function of variation in
the input rate of that channel and constant overflow or underflow
of all channels equally will be a function of the variation in
the output rate only.
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DETERMINE TIME BETWEEN END OF LOAD AND END OF UHLOAD('I;‘)_

574%1:‘ >L3

e Typ

i
\ B N \
N N N
-7

Titan Block

<7 — ]

The time required to unload an input frame is labeled Ty,

This Time less the Time to load uy) is the time (T.) oe'ween
the end of load and the end of unload. This time must be in-
cluded when calculating total buffer storage. Solving for Ty

TX = TZ - TY where: TX Tf

The maximum storage requirement occurs when the selected data
words occur in a burst. Since this condition may occur independant
of the equipment and as a function under operational comtrol.

The maximum storage condition can be calculated.

Terms of selected words/frame and input and output data rates
as follows:

Tz - % x bits /wm' 4 x words /frame
o]

words
Ty = bits/ ward X / frame

1
Y Ry

= T .7, = words;, bits 1
Tx z TY. / frame = / word x (R; Rl)
n

X

-3

Ty = (8) ¥ /ame (l - 1)
Ro R;l-
AT



AL.2

s, Dbits ‘
where R = output data into in /sec

R, = input data into in bits/ ..

DETERMINE DEIAY REQUIRED TO ASSURE AIL SAMPLES OCCURRING

[ et — P

s, T 3T 2 T1
TITAN BLOCK
[ N
Ty Ts

Ts is the time required before transmission can start so that
input data words are received before their re-transmission time,

armd ran ha anmrmiad ne PATTaven-

The worse case occurs when the selected input data words occurs
in a burst at the leading edge of the data frame, here again this
conditions is a function of operational control and therefore
must be taken into account in the determination of buffer storage
requirements, '

Referring to the timing chart, the time before transmission is
determined as follows:

Since the Titan data is asynchronous s 1t is impossible to control
the frame with respect to data output, therefore worse case analysis
clearly indicates that the Titahn data frame could slip one complete
frame; as a result the time before transmission is
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Ts = Tp + Tx + T(s1ip) = Tg

Tpﬁ];ﬁxF=i-'sec.

= 1 words bits . (yo~lt)y words .
Ty R, Itame (Franes) Word ( ) Trame o°
T(slip) = %. x (1 Frame) = %5 sec.

R
TX = 8 words -];. - —]-'- SeCe
frame Ro Rm

= 1 words 1 _1 , 1 _ words 1
Ts L + 8 frame g % 20 L frame R,

A.l.3  STORAGE REQUIRED FOR A SINGIE INPUT LINK

mL. 3.4

- — i ——— e e A L n. e 2 _ 2 _ 3 PR R N - v - .
44T Mava DVWIAGET LTYWILICHSIIV 1l UIiud 1D ucpcuueil v vl uuw Juull

Titan data is sent in time T..

Referring to the following timing

chart for reference, the data storage requirement for Titan is

MU VUl iadiv\ @ L Uil UnG e ‘ 3| )

p—

TITAN INPUT LINK

b - - - - -

- 5y S p——
[]

. n
ez 7"

TITAN DATA
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where 1)

2)
3)

S = T.' x sync rate

P 5 perio (Frames)

words and S WO
L

Sp = (Tg) (Ryp) 5= d 5

-5 Rin = Ry
Trame £ Rin

s Sp is whole part of

" !
Tg = (Tg = Ts )

Sp = (7,") TEETEle rds 4 (1,

wa i

= Pl Y

Similarly Gemini Storage is:

words
frame

sync rate
period

S = (Ts') + (T

S, is the storage required for
dgta received from Titan in
complete frames

S¢ is the storage required for
data received from Titan in
fractions of a complete frame
but not to exceed the total
words/frame storage requirements.

Sq is the storage required for
data received from titan while
data is being transmitted but
not to exceed (words/frame - Sg).

rds

T rame

Ts%p

"y (g.) Words . words _ o Bh- R
E Vb iTans - nn

" ) words words -5.) Rn - R,

s Rn bi Trame £ Rn
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The total storage for Agena is somewhat different than with
Titan or Gemini. Since the Agena output data rate is less
than the Agena input data rate, the valnes for T, and 54 are
zero:

n
Sy = Ts' - (sync rate) %‘;.%?n% + (Ts Rp,) 1’%;,‘%5_
A.L.Ji  STORAGE REQUIRED FOR THRKE SIMULTANEOUS LINKS
The total memory storage required for all channels is:
S=5 «+ + S
7t 5%t A . .
Total storage = TS' SR Wp + Ts ®n + (Wf - Sf) En_____ﬁ_
T "Rn R, - Ro
t 1 S T - ———s
* 75 Spup +Bg B+ (0 - 5p) R
" '
- ! T
+Tg Sp We+ S n
8
where 1) values of parameter are based
on individual channel constants.
2) Sp = Sync Rate for the particular
channel urnder discussion
3) Wp = words /frame for the particular
chamel under discussion
L) £ = frames/period for the particular
channel under discussion.
W = (fWe) = (fW.), + (fW,)
f(totals) Ty f'a £y
A.h.5 DETERMINING STORAGE FOR PARTICULAR OUTPUT MIXES

It is obvious that maximum storage does not occur when the total
wards are allocated for use by the Agena channel, because S, and Tx
are zero, and in addition the input data rate R, is very 109 with
respect to the Titan input data rate.

Considering now Titan word assignment against Gemini word assignments.

The input data rate R, of Titan is mich greater than Gemini s and
in addition the sync period for Titan is much greater than Gemini.



A.JL.5.1 ALL TITAN DATA

The total memory storage required when the total words/period

Wr(total) is assigned to handle Titan data only is determined
as follows:
[

Ts Ry

]
Total Storage = Tg Sy Wy (T)+ —g—

+ (Wf(T)- Sf) - Ro

The total word capacity of the output submarine cable (We(total))
for one period is dependent on the output data rate.

. 1 word
Y"‘If (Total) = (blt rate) (periOd) <bitS)

sec
L RP
8
10800
= =8 1,275 words
1
Gi [A = e
iven SR 25
Given R, = 172 KBPS
Given R, = L0.8 KBPS
f= S’
1 1
Tx = 8 x 255 ( 5806 -~ T75,500

= 8 x 255 (0.0000251 - 0,0000058)

= 0,039 sec.

_ Lox255  L0x255

T Ro 10800

= 0256 S€eCoe
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Tg = T, + Ty T(s1ip) = Tt
Tg = 0425 - 0.0394 + 0.05 - 0,256 = 0.08
T,Sp = 0.08 x 20 = 1.6

Tg'Sp =1

. OB 06
'1'S =SR—20==.3530

Total Storage = 1.0 x 255 + .03 x 172K
8

The second term is

S¢ = .03 x 172K which is greater than the
==
words/frame therefore

Sf = 255 which is the maximum words/frame

Total Storage = 1 x 255 + 255

= G510 words

This is not the maximum storage since variations in T'g was
not considered.

A.4.5.2 SELECTED MIXTURE OF AGENA, GEMINI, AND TITAN DATA

Consider a second case using the following parameters:

vf(t) = 12-!-7 X 5 = 735

Wf(e) = 50 x 10 = 500

w'f(A) = 10 X )-l = hO
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n Tn - .
TITAN STORAGE = T'g SRNE gy * EB_RE + (wf(T) - I'n ._En__)

s I
Where _B_Rn___ must equal an integer

and: Wy =TRn >
- =
= 1 __ - _1 - 0~3 = 0.0227
Tx 8x1h7x(h_0866 m) 8 x 147 x 0,0193 x 1 sec

= 0,1476 sec

‘ T = 4O x 147
T " “LoBoo

Tg = 0425 + 0,0227 + 0,05 - 0.1476 = 0.175L sec.
TgRg = 0.175L4 x 20 = 3,508
‘ T, R = 3.0

f 0.02

sp = Q02 X 172000 ry )3y s g > W7

TITAN STODANT = /2 » 117) & 107 = CRR wa
[ AL AN waALDUL N/ > g S emep - - -

=7 T"Rp S T"Rn) Rn-Ro
GEMINI STORAGE = T gSpWr(q) + 2t (Wf(G) —)

T, = 8 x 50 [(0.0251 - 0.0195)1073] = 0,0022l;

Tp = %S_X_B_ = 0,0502

Tg = 0,25 + 0,0022 + 0,025 = 0,0502 = 0,227



TgRg = 0,227 x 4O = 9,08

|
Ty R =9
T"-Qﬁ-gi‘-o.ooz

S¢ = 0.00281( 21,20 . 33 words

GEMINI STORAGE = (9 x 50) + 13 + (50 - 13) (‘5'}'%1‘-2—&%)

= 400 + 13 + 37 (0.0195)(10L)
= ;121 words

11

AGENA. STORAGE = T'SR W,y + T
T, =0

Ty = 10x16x8,1280 0.0761

Tg = 0,25 + 0,0625 - 0,0781 = 0,234

Tsﬁs = Uellul X CU;{') e

TR=17

= 0.7 -
™=
o, m 07 . 16,38 _
Sp = 2l x 22:2 <1

AGENA STORAGE = (7 x 10) +1 = 71

TOTAL STORAGE = T + G + A = 588 + ;21 + 71 = 1080 words

A-15



A.5

CRITERIA FOR CORRELATING ASYNCHRONOUS DATA

The criteria used to develop the Burst message format is based
on the ability to establish a relationship between the Titan,
Gemini and Agena prime frame. The minimum period for synchronous
data transfer as covered in a previous section of the report is
1/l second. It is important to note that the data is not locked
in sync and though it is phased locked, memory locations are
provided for frame slippage as discussed earlier. A complete
period of data contains 5 blocks of Titan data, 10 blocks of
Gemini data and }; blocks of Agena data, each block represents

a prime frame of the incoming data. So far in the discussion

we are assuming that the format from one period to the next is
identical in every respect except some slot locations of the
blocks are multiplex to send more than one parameter per slot.
This case is when parameters have lower sampling rates than

the prime block rate. The above configuration requires time

and address tags for every parameter. However, since the
parameter time and location is known with relationship to each
block, only hlock time and subframe address will be required.

TECHNIQUZS FOR TIME CORRELATING OF ASYNCHRONOUS LINKS

The block format of the period is arranged as shown below

] W

|}
[e9

2
\

LT LT T T
ERNIeEaE.

1 Il
«— TTTAN —yié— GEI»EINI—)"—AGE\TA — e Iy —

One Period S

In order to simplify the programming, the block sizes of any

one channel will be constant for any one program, however,

the block sizes of different channels may vary depending on

the number of parameters required from the channel. A comparison
will be made later in this report between the saving if any, in
output data location versus the resulting program complexity as

a result of varying block sizes within a channel.

The first five blocks contains Titan parameters followed by ten
blocks of Gemini parameters and in turn followed by four blocks
of Agena parameters. The order of location of Titan, Gemini

and Agena channels within the period as shown in the block format
is not critical as long as all the blocks of any one channel are
located together. For ease of programming, however, the first
block of a period should be selected such that its prime sync
will occur before the prime sync of any of the following blocks
in the period. This allows every block in the period to be
referenced to the time of occurance of the first block. This

can best be shown by the following timing diagram. £-16



TITAN 1 2 3 N 5 1 2 3 N

GEIII 81910y 223|556 |78 | 9l10l1] 2] 3]L
y €e——— 0.25 se¢  — ]
[}
AGENA 2 3 L 1 2 3 N 1
]
: '(__.__0.25 sec __.,l
2
1
)
- an Gemini Agena
Burst Output Bl ock Block ook
3 7 )
c—————0.25 sec  — .,
A5.1.,1 AILOCATION OF iMe FORMAT BITS

The time of occurrenceof the first sync within the perlod 1s detected
ard stored 1n memory. ine iime wurd wiii COGain unild Oi HCUITy
minutes and seconds and will be measured to an accuracy of one
microsecond. The number of bit location required for the complete
time word is tabulated as follows:

Number Systenm Bit Location Total Bits
Hours Min. Sec,
1. Binary Coded decimal 6 7 3 Ll

2. Straight binary with
separation between units
of hours, min., sec. 5 6 26 37

3. Straight binary with 37
no separation

The mumber of bits listed above are based on a maximum nunber of
2ly hours, 60 minutes and 60 seconds.

Since the primary interest is in transmitting the maximum data
within a period rather than standardizing the time format. The
study will consider only the 2nd system which uses the least number
of output data bit locations, yet has some form of time separationm.
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A.5.1.2 CONSIDERATION OF DATA RATE TOLSRANCE FOR SINGLE LINKS
Once time is established at the start of a block it is only
necessary to determine the deviation in the known input data
rate in order to determine "time of occurrence” at any .point,
The proposed format is shown in the following Titan output
block diagram.
D1 ® D3 Dy - D5
1 2 3 L 5
L J 1 _———/
Time f; &\‘~———— Time Deviation?ﬂ
of Day

The time deviation of sync for a given frame from normal is for-
mulated and placed at the beginning of the given data block.

The Maximmm Time Data Rlnck #2 can be displaced is +25 usec

from Block #1, as indicated below, therefore only 6 time deviation
bits are needed, one for sign and 5 for quantity. Block #3 can

be displaced up‘to :50Husec from block one's time of day and so

Ul LOr ULUCKS ff4 amd #>. 1ie vitl location for tiae deviation

are located at D2, D3, DL, and D5.

S W LOierance oY Teo TSI Il s _ e ~i
i€ Uava rawe Ludcrallte Ol uae iivan AL L0 QAUOoWNYWU UV L eUJA

when expressed in terms of time is .05% of the .05 second data
sync input period. The data rate tolerance for the sync expressed
in microseconds is:

Titan sync tolerance in seconds = .0005 x .05 = 25 microseconds/
input period.

Over a full period of output data the tolerance is 125 microseconds
determined by multiplying the sync toleramnce by the number of sync
periods per output periods. If we assume this tolerance is a

fair representation of all channels, then the maximum deviation
between the start of a period and the end of a period is 125
microseconds. The tolerance in microseconds for each frame is
listed below:

Frame #1 = Time of day
#2 Sync tolerance x
#3 Sync tolerance x
#4 Sync tolerance x
#5 Sync tolerance x

Ak~18
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The btits required for each location is as follows:

Titan Location D1 (Time of Sync)

Titan Location D2 (+25 usec deviation)
Titan Location D3 (+50 usec deviation)
Titan Location Dl (¥75 usec deviation)
Titan Location DL (¥100 usec deviation)

MULTIPLE-LINK SYNC TIMC TOLZRANCE CONSIDERATION

Gemini and Agena Channels could be handled similar to Titan using

37 bits
6 bits
7 bits
8 bits
8 bits

a 3L bit time of sync word followed by frame or block time of sync
occurs after the first Titan sync it is possible to reference Gemini
and Agena time of sync to the Titan time of sync » sending only the
time of first sync difference of Gemini and Agena instead of the
actual time. The maximum difference is .25 secomds or 250,C00

microseconds. Thus requiring only 18 bits instead of the 3l need

for sending time of sync.

All Gemini amd Agena blocks other than the first are formatted in
the manner similar to the Titan blocks.

The deviation times for

Gemini and Agema for .05% tolerance are listed as follows:

Gemini Location D% (Time of Sync Difference)

+250,000 usec max.

Gemini Location D} (#13 usec deviation)

Gemini Location DY (+25 usec deviation)

3

Gemini Location D;: (+38 usec deviation)

Gemini Location DI (450 usec deviation)

Gemini Location D1

7
Z (#63 usec deviation)

Gemini Location D1 (475 usec deviation)

Gemini Location D%- (488 usec deviation)

Gemini Location D% (+100 usec deviation)

Gemini Location Dib(:}IB usec deviation)

Agena Location D"

Agena Location Dg
Agena Location Dg

Agena Location Dﬂ

(Time of Sync Difference)
+250,000 usec max.

(#32 usec deviation)
( +63 usec deviation)

(+94 usec deviation)

- 18 bits
- 5 bits
- 6 bits
-~ T pits
- 7 bits
- 7 bits
- 8 bits
- 8 bits
8 bits

- 8 ite
82

18 bits

6 bits

7 bits

_§__ bits

39
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The complete output period diagram showing the location of timing
bits is shown below:

lke— TTTAN ¢ GEMINT : —sp—omia  ——)

RURST
SYNC
D1 D2 D3 Db D5 Dy Dp D3 Dy, Dy Dg Dy Dg Dy D1p Dy DT D™D
Bits 3, 6 7 8 8 1856 T 7 7 8 88 8 18 6 7 8
The total bits needed to time correlate all the data words with
a data input tolerance of .05%
Titan - 66
Gemini - 82
Agena - 39
Total Time
correlation bits 187 bits
converting to 8 bit words
Total time correlation words = 2} words plus 5 spare/bits
A.5.1.44 VAHIATION OF SING TIME BITS VEASUS CHANGE IN SYNC. TREQUENCY TOLEZRANCE

Laaw .

If the Tolerance is reduced then the sync time deviation bits could
be reduced, nowever ine amount Oi reduciion wwuid Lo scmall 1o
comparison to the reduction in tolerance. As an example consider
an input channel tolerance of .01% instead of .05%, the maximum

sync deviation per output frame would be determined as follows:
Maximum Titan Sync Deviation = (.01% x input frame period)
= .0001 x .05 = 5 microseconds

The following btits would be required for time correlation of all data:

Titan
Dy (Time of Sync) 37 D1'(Sync difference) 18 D1"(Sync diff) 18
D2 Y usec deviation L D2 +3 usec deviation 3 _D2"17 usec deviation L
D3 + usec deviation =~ 5 D3' +Susec deviation I D3"+13 usec " 5
D4 +15 usec deviation 5 D! +8 usec deviation 5 Dh":ZO usec " 6
6

D5 +20 usec deviation D5' +10usec deviation §
D6' +13 usec deviation §

D7' +15 usec deviation 5 A-20



D8t +18 usec deviation 6
D9' +20 usec deviation 6

D10' +23 usec deviation 6

57 63

Total time correlation wards = 27 +63 +33 153, 17 words plus
one bit or 20 words with 7 spares. Tﬁerefore whén accuracy of the
input sync is increased from .05% to .01% the words needed for
time correlation decrease from 2 to 20. It is obvious that the
time correlation words for the proposed system is relatively
independent of jnput channel sync tolerance.

A-21
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A.5.2 Variation of Time Separations Between First Sync, of Different Channels

This is relatively independent of input channel sync tolerance. The maximum
time separation of sync difference between the first Titan sync and the first
Gemini sync and between the first Titan sync and first Agena sync is approxi-
mately 250,000 microseconds as shown in the following diagram:

< 250,000 seconds >i~’ Gemini and Agena —»

However, this would mean that almost all of the output data is Titan data, Since
this case is not a normal case, it is important that we consider other fomats of
output data, Consider the case where Gemini or Agena data comprised almost all
of the output data locations, Then the diagram would be as follows:

|+t_)| -

R

The difference between the first Titan sync and the first Gemini or Agena sync(t)
would approach zerc as a Mmit, Thme. the word naaded for time correlation for
an input channel tolerance of ,05% would decrease from 2l words (t->1/L sec) to
21 words (t-50). Since the two cases mentioned, that is (t-1/L sec) and (t->0)

_——— e s 4L 2 _ N L. & 2 3
I SALIGES VauTuy =7 af mIth Ehils 4 smneddaw tha sanemsl nace vharae +oia a

function of the selected words. .

In order to simplify the problem and yet still demonstrate the general case,
the effect of Ty ( page 11), T 11p) (Page 1), Ty and T, (page 15) will be
neglected, Thus, the approx:lms’Ee e:ime difference between the first Titan gyne
and the first Gemini or Agena sync is the time difference measured between
Titan Block #1 and Gemini or Agena Block #1 of the output link, This is best
shown on the following diagram where t' is the time difference between Titan
and Agena sync.

Output Link Titan Gemini Agena Titan Gemini

<—t 1 —
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Thus ; +' 2 %Sl.gs x bits/word x Titan word/period

t' ~ 1 __ x 8 bits/word x Titan words/period
15,50
sec bits/word x Gemini words/period
bits
sec bits/word x (Titan + Gemini) words/period
v o™X s *

-b"

R

The total words needed for timing all output data is approximately 1l words for
an input rate tolerance of .05% plus (t' +t" ) words for sym difference time
and words for time of day.

Congider the case where
Total Wp (Titan) = 55 x5 =275
Total We (Gemini) = 50 x10 = 500
Total Wy (Agena) = 125 x L = 500
thus t' = 8 x 275 = 53,900 usec
it o]
and t" = 8§ x (275 x50) = 8 x 775 = 152,000 usec
m.mb E.Bxb
The numbers of bits needed for the above value of t! is 15 and for t* is 18 or
atotal of 33 bits for (' + t") versus a total of 38 for the wrse case, It
should be obvious to the most casual observer thai iue aivve WoiG icimas wWesgns

heavily in favor of Agena or as in the general case is closer to t$0 than t
—5 .25 sec,

heS.3 Tims and Tolerance Format Conslusions:

It is obvious that only in the extreme cases will any saving occur with respect
to sync difference and, therefore, when weighed against program needed to save
these extra bit it would indicate that a fixed mmber of bits be reserved for
sync difference and tolerance and this number be such that it covers the worst
case. As indicated at the top of page 30, this number should be at least 187
bits or 23 words containing 8 bits/word,
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A5 Techniques for Address Correlation of Agynchronous Links

The basic requirement of an agynchronous link system 18 to be abls to
determine which data parameter is being sent and its time of occurrence.

In order to provide same form of identification of an input parameter

in the output link it is necessary to provide address or identification
data in the output data train, If a parameter occurs at the prime frame
rate or some multiple of the prime frame rate it is only necessary to
identify the sync time of the prime frame., Howaver in cases where the
sampling rates are slower it is necessary to determine which prime or main
frame contains the data sample. The following diagram gives a pictorial

" insight to the problem.

Sync Sync Sync Syne

Parameter mAY Paramet;D Paramet:m Parameter "B'J
— Frame #1 —,L—— #2 J( #3 & #h ?'

If only time of the prime frameoccurence were known, it would be impessible
to determine if parameter A or B is being sent. In order to locate the
slower or sub ITams paramsiers il is nsssssary to place an identificatien
word or bit in the prime frame containimng the slower speed sampling data.

“ as __

AeSebel Various inown iiak addrsss Currslsilsn Ssmzidevatioms

In the Titan link the slowest sampling rate occurs at the prime frame rate
therefore no frame identification is necessary, However, in the Gemini
and Agena links, thers are sampling rates slower than the prime frame rate ’
therefore identification bits are necessary. Ths slowsst sub frame of the
Geminin link is .416 samples per second, therefore identificatiom must be
provided,

Since the 10 block Gemini data/per frame of the output link are serial in
nature only the first block muat be identified, the remaining 9 blocks can
then be referenced to the first block or sync. The total time betwsen the
smalleat sub frame is

1 1 .
t = m Tate - m 2.h0h sacondl

During this sub frame period the total number of input prims frames is:
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Number of input prime frames . input prime frame rate
for one input sub frame input sub frame rate

= 4O input prims frame/see
O.416 input sub frame/sec

= 96 input prime frame/input sub frame

It is only necessary to identify or tag emns out of every 10 input prime
frame per output frame, the total mmber of tag words are 96 tag words.
The number of bits required to generate the 96 different tag words are 7 bits.

The slowest sub frame of the Agena link is .25 samples per second, thefefore
identification must be provided. The 4 block of Agena data per frame of the
output link are serial in nature, only the first block must be identified.

The remaining 3 blocks can be referenced to the first block or sync. Ths total
time between the smalles sub frame is:

1 1
t = gampling rate = .25 ™ L seconds

During this sub frame period the total number of input prime frames is

Number of input prime frame - input prime frame rate
for one input sub frame input sub frame rate

- - . Al
. —

It is only necessary o iusiaviiy oi Log ons Sut af awaww fenr input orime
frames per output frame., The total number of tag words are 64 tag words.
The number of bits required to generate 64 different tag words are 6 bits.

A.5.5 Address Format Conclusgions

The total number of tag bits required for the system is the sum of the Gemini
and Agena tag bit

Ty + Tp= Tyotal = 7 + 6 = 13 bits

The following diagram shows a typical arrangement of tag bits in the ocutput
frame:

AGENA TITAN GEMINT AGENA TITAN

A
(3 bits 1 bits

A=25




A6 Sync Pattern

The gelected sync pattern for the proposed system will be a 21 bit.

It is felt that this pattern gives the best probability figures with the
minimm number of bits. The total number of words between each prime frame
sync of the output channel is 1275. The total bit per output prims output
frame is:

Total bite = word/ppame X bit/yorg
= 1275 x 8 = 10,200 bits

Since the output link will probably not be operating under conditions as
severe as the Titan, Gemini, and Agena links, it is felt the optimum
compromise between sync time, and bandwidth utilization and assuming a very
good bit rate accuracy of the output link, will allow the use of a 21 bit
sync pattern for each prime frame of output data or a sync pattern every
10,200 bits.

A.7 Parity and Error Correction

In an output of data which contains 5 Titan, 20 Gemini and L Agena input
frames, an incorrect data parameter should not be considered critical enough
to endanger the mission or cause a serious loss of intelligence. It may
not even be necessary to know that a parameter error has occurred during

an output frame., However, since it is relatively easy to place an overall
parity bit in the output format, a parity bit will be added. It should be
noted that the parity checking circuit will oniy aeteci iue picesacs o2 2=
odd number of errors or an even number of errors, depending on the design

af +ha naritvy eircuit.

More important consideration will be given to time and address date since

an uncorrected error in this data could result in the miginterpretation or
loss of a complete output frame of data, therefore, not only is it necessary
to detect an error but the data bit in error should be corrected.

Consider as an example and address related words containing 'M! significant
bits, employing a code which will detect and corrsct any one bit error of
transmittal. This is done by adding 'K' check bits to each word, where the
message code including check bits 'K' chosen as follows: (1)

l. Enough 'K' checking bits must be supplied such that the following
equation holds true:

XS Meg+1

The various values of 'K!' necessary for different vaiues of 'M! are:

(1) R.H. Hamming, "Error Detecting and Error Correcting Codes",
Bell System Technical Journal.
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1 2
2=k 3
5-11 L
12-26 5
27-57 6

2, The ('M! + 'K') bit positions are numbered from 1 to ('M! + 1K)
starting with the least significant bit.

3¢ The check bits must be chosen such that they serve as parity checks
for certain bit positions in the word, the check bits are listed

as follows:
Check Bits Bit Positions
‘ P, 1,3,5,759511 eeverercroncee
Py 2535657510,11 leeeesncecoss
Py Ly5,657,12,13,14,15 ceceece
P3 849,10,11,12,13,14,15,2) ..

16’—7’_8,19’20 A XA AR EER N X J

The general expression for the check bits as a function of bit location
is as follows:

Check Bits Bit Positions
Py (22),(2°41),(2%42) y o 0 e o (2042021
(23n), (23n+1) svse8tC,

A8 Sub-Commtation Sampling Rate Compensation and the Utilization of
the Output Link as a Function of Parameter Sampling Rates

The Titan PCM data system utilizes 196 analog and L8 bi-level input channels
arranged as follows:

Parameters Rates (samples/sec)
19 Loo
19 200
36 100
34 Lo
90 20
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’ The bit rate is 172.8 K b/s and the format is as follows., The prime frame
containg 5 sub frames and is sampled 20 times per second, £Each sub-frame

| contains 6l words and each word contains 27 bits and is divided into three

} 8 bit syllables., Each 8 bit syllable represents one date sample. The 8 bit

i code is combined in descending order go that the first bit is most significant,

The Titan input link bit rate is faster (172.8 Kb/s than the output link

bit rate (L4O.8 K b/s). The data reduction ratio is therefore determined as

follows:

Titan Data Reduction Ratio =
_ __Titan Input Bit Rate
= Total Output Bit - (Gemini & Agena) output Wit rate

The minimum Titan data reduction ratio occurs when Gemini and Agena output

bit rates are zero and the maximum Titan Data Reduction Ratio occurs when

Gemini and Agena output bit rate equal the total output bit rate or in other
‘ words when the Titan output bit rate equals zero.

The Titan Data Reduction Ratio is

172 K b/s
!hximumDRR(T) -)I“B_'é—o. K b/s - L40.8 K b/s = R

| 172 X b[s
Minimm DBR(1) = 0,8 K bfs = 425

In other words the data reduction ratio may vary from Lego to =

T tha £a11awine avamnla the minimum Titan data reduction ratio will be
considered,

The minimum DRR is not a whole mumber and thus multiple of the prime rate a
direct reduction of Titan parameters cannot be realized, Since full utiliza-
tion of Titan data cannot be realized the question arises as to just how much
utilization can be ocbtained.

The optimum format of the output link is found by dividing the highest data
rate by the Data Reduction Ratio and applying the remainder to the next lowest
data rate. Consgider the following:

Parameter(hoo) -%—?—25 = 4.5

The whole number part of the above equation represents the number of L00
samples per sec parameters contained in the ocutput link, convert the remainder
of 5 to the next lowerst sampling rate of 200 samples per second,

Parameter(zoo)(a) = 5 x -)é%.g = 1,0

A-28




adding this to the number of parameters at the 200 samples per second rate
and again dividing by Data Reduction Ratio,

Parameterl(zoo) T&T m' L7

performing similiar operations on the remaining lowsr rates of 100, 4O, and
20, the parameters of all rates can be found, The results are tabulated below:

Parameters Rates Samples/sec
N Loo
L 200
8 100
8 40
211 20

The remainder of .3 of the 20 sample per sec rate results in a blank in the
output data format every 1l or 1.66 seconds,
<3 X 20

The above arrangement may be varied in any combination such that the total
number of parameter remain a whole number,

The maximum loss of data for Titan would occur when the remainder of the
lowest rate due to various DRR approached 20 as a limit resulting in a blank
parameter every .05 seconds.

If the five DLOCKS OI lilan in s vubpuv 1iiuk wers 2llswed 4o varw h naramataer
from each other then the utilization could be increased by a factor of five (5).
This technique ull be includod when calculating the total utihzation efficiency.

The Titan doss not contain sub-frame parameters where as the Gemin and Agena
does, therefore, the discussion of sub-frame parameter will be limited to the
Agena and Gemini links only.

The Gemini programmer has a master frame and a prime sub-frame. The master-
frame consists of 160 words sampled L0 times per second. Higher rates can

bs obtained by super commutation. However, the discussion will be limited

to prime and sub-prime rates. Ninety-six (96) master frames are required to
cycle through all data inputs (a requirement based on the prime sub-frame ratios).
The prime frame operates four times faster than the sub-frame and every tenth
word in the master frame, starting after the sync word, will carry sub-frame

data.

The sub-frames consists of 64 words each sampled ten times per second. The
sub-frame has further sub-commmtatiom ratios of 8/1 and 2;/1 which provides
sample rates at 1.25 and .16 samples per second. Twenty-four sub-frames are
required to cycle completely all data inputs to this portion of the sub-system.
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The output link contains 10 blocks of Gemini data per period or LO blocks of
data per second which is in synchronous with the Gemini prime frame rate of

LO samples per second, If the Gemini link can be totally utilized by the
combination of sub-frame parameter, it would seem obvious that the output link
having the same prime sampling rate would have total utilization of all out put
data locations, However, since the input rate is faster than the output rate,
the mumber of parameters would be less by some ratio, The minimum ratio is the
ratio of the data rates., Consider the minimum data reduction ratio.

input data rate

Gemini minimum Data Reduction Ration = output data rate

= 5102 - 1025
L0.B

Since this number is not a whole mumber nor is it a multiple of any of the sub-
sampling rates, a direct reduction of Gemini parameter cannot be realized,
Therefore, full utilization of Gemini data camnot be realized, The question
now arises as to just how much utilization can be obtained,

The method for detemining the utilization can best be shown by considering a
random selection of input parameters,

Parameters Rate Samples/sec
9 Lo
5 10
17 1,25
18 416

The optimum format for the output link is foumi by dividing the highest data
T2te hy tha Nata Reduction Ratio of 1.25 and converting the remainder to the
next lower rate, The whole mumber part will be the number of parameter av
that rate occurring in the output link, consider first the 9 parameters of the

L0 mammTen naw canand wota.

Panameters(ho) = 9/1,25 = 7,2

the whole mmber part is the mmber of 4O samples/sec parameter contained in the
output link, converting the remainder of .2 to the next lowest sampling rate of
10 samples per second,

Parameters(lo)(R) = ,2 x 40/10 = .8 parameter

adding this to the rumber of parameters at the 10 samples per second rate and
again dividing by 1,25
Parameters(lo) = 5 + = 5.8 - hoal
T.zg 1025

performing similar operations in the remaining lower rates of 1.25 and 1116,
the parameter of all Gemini rates can be found, The results are tabula ted b elow:

Parameter Rates
L : 16
17 1,25
16 116
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The above arrangement may be varied in any combimtion such that the number of
parameters remains a whole nmber, The maximm loss of data for Gemihi would
occur when the remainder of the lowest rate due to various values of IRR
approached ,L16 as a limit resulting in a blank parameter slot in the output
format every 2.l; seconds, The loss of data is independent of the number of
parameters in the input link, Here again this may be reduced by a factor of
ten (10) by varying the 10 Gemini block lengths with an output frame by +1
parameter,

The Agena link has an input data rate less than the output data rate, therefore,
the minimm Data Reduction Ratio must be one (1) with blank parameter location
filling the unused output location, The maximum Dita Reduction Ratio is -~

as in the Titan and Gemini link,

The maximum loss of data for Agena would occur when the remainder of the lowest
rate due to various values of D.R.R. approached .25 as a limit resulting in a
blank parameter location in the output link every | seconds, This may be re-
duced by a factor of four (L) by varying the four Agena block lengths with an
output frame by + 1 parameter, The data-utilization loss of the three combined
links is the total of the Titan, Gemini and Agena Link utilization losses,

UL Total = ULp + ULy + UL, =
UL (total) = ‘210‘ Pardec + L Par/ec +,1; Par{ ==

SO~

= 20 + 116 + .25 + 20,666 Par/Sec

- - s s ~ -l Aan® v s [ _ _
W LUMOD0D X U ™ 1uUDe vV wivs OCue

by varying the block length by + one parameter, the following utdlization loss
could be realized,

UL (total) = 20 + .36 + ,25 = )+ 016 + ,0625
10

= },1041 parameter/sec or 32,8328 bits/sec.
or rounded off to 9 bits/output frame
A.9 Bandwidth Utilization Efficiency

Bandwidth Utilization is defined as the mmber of hits available for the trans-
mission of data parameters as compared to the total number of bits. The bits

which represent the difference batwsen the total number of hits and the bit ,
available for data transmission are used for correlating time, sub-frame identi-
fication, bit rate tolerance compensation, gync, error identification amd cor-

rection, and sampling rate compensation. The total bits required for tims, sub-
frame identification, sync and error identification and correction which an output
link bit format requires are listed. The remaining bits are listed below:

For the Titan, Gemini and Agena case:
format - 297 Wi ts
Data Overflow Compensation 11 hits

Sampling Rate Compensation 9 bits
317 bits A=31
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Converting the non-data bits to words thus:

non-data words = 317 = 39 5 or 0 words/output frame
R B

the bandwidth utilization efficiency is determined as follows:
B.U.E. in ¥ = 1275-40 x100 = 96,2%
E:; .

A.10 Extrapolation to a General Requirement

Previous discussion has centered on 3 known data channels (Titan, Gemini and
Agena) however, consideration must be given to multi-channel, multi-rate and
synchronous systems, Consider five high prime number frame rate input charnels
having frame rates A, B, C, D, and E and an output chamel having a data rate
F. It has been previously stated that the period of the output channel (i.e.,
sync separation time) is dependent on the abllity to reconstruct each data
parameter from the signal. The maximum separation between sync pattem re-
cammended by experimenters is approximately 10,000 data bits. The sync rate

of the output link is, therefore

- = Output bit rate
Spo = Output Symc Rate = “fr<eg TS

If we also assume that the prime frame rate is equal to the prime sync rate, then

Fro = Output frame rate = Spo = Oubsub bit rate
»

In order to extract data I'rom tne outpui link, ii is uoucosaiy Shat STor Some rexdad
of time, F,, must equal a whole mmber,

Fro ™ K

N

where N is some munber less than 10,000 which allows Fp, to equal the minimum
possible whole number and F and f,.o are expressed as per period rates, for
simplicity the period is chosen as one second,

In order to convert the input-output gystems from asynchronous to synchronous, it
is necessary that the input frame rates of each channel be divided by Fro be a
whole nmumber, If the mumber is not a whole mmber, then the effective rate must
be increased until it is a whole number, The whole number represents the nurber
of frames of the first channel which appears in each frame of the output channel,

F, = Input Frames/Output Frame = A, P;r(fm -N))
£ro

where A - is the frame rate of the input chammel in frames
~ per second
P - is in seconds/period
N - is any whole mmber between 1 and f,, which
makes R the smmllest possihle
whole mmber,
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FUNCTION M BITS K BITS TOTAL

STNC 21 - 21
TITAN TIME OF DAY (D) 3k 6 Lo
TITAN SYNC TOLERANCE (Dp) 6 4 10
TITAN SINC TOLERANCE (D3) 4 1
TITAN SYNC TOLERANCE (D)) L 12
TITAN SYNC TOLERANCE (Dg) 8 L 12
GEMINI CHANNEL SEPARATION AND ADDRESS 21 5 26
GEMINI SYNC TOL. (Dp') 5 L 9
GEMINI SYNC TOL. (D3') 6 L 10
GEMINI SYNC TOL. (D)') 7 L n
GEMINT SYNC TOL. (D¢ ) 7 L n
GEMINI STNC TOL. (Dg') ? L n
GEMINI SYNC TOL. (D7) 8 4 12
GEMINI SYNC TOL. (Dg’) 5 i ic
ARMTNT SYNC TOT.. (n?') 8 N 12
GEMINI SYNC TOL. (Dyq') 8 b 12
AGENA CHANNEL SEPARATION & ADDRESS 22 5 27
AGENA CHANNEL SYNC TOL. (D,") 6 b 10
AGENA CHANNEL SYNC TOL. (D3") 7 L 11
AGENA CHANNEL SYNC T0L. (D},") 8 M 12
GUARD & PARITY 2 3 5

TOTAL SYNC, TIME, ADDRESS, ERROR CORRECTION AND PARITY BITS FOR ONE
OUTPUT FRAME IS: |

297 Bits

A-33



Similarly:

E "B o P o+ (£, -N)

fro

therefore, the format for one output frame shall contain X input frames where

I-RA+RB+RC+RD+RE

the effective frame utilization is

Congider the frame rates for three

FU.=(A+B+C+

(A+8+C+0D

(A+B+C+D+E)P

N=E
(fm=ﬂ

N=2&

/wew

P — - - —_N - - o~ . e _a . . \
\A"’D?U?U'Pn}r"'n.L_ro-\L‘ATuB-rnc‘r::Dv::E,

where K is the number of input channels.

and a 40,8 Kb/sec output link

where
Ry =20x1 +L-N,) = gg
Rp = (Gemini) = 4O = 10 vhere B = LO and Ny = &

RC (agena)= 16/},

Foo = b

known input links, Titan, Gemini and Agena

Ry(Titan) = A . P + (f19 - Np)

fro

= where C = 16 and Nc-h

FJU., = (A+ B +C)P

A®B +

+ N=¢C
(fro = N) N=2&

P=1,f =L, and A = 20
I0
- 5whereNA -h
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d.nceNC( )
fw-N)=0
NA Iro

then F,U, = 100%

Consider a second example where the input frame rates are 13, 20 and 28 samples/

sec and the output data rate is 28,000 bits/sec,

f =F = 28,000 =3
o N —9‘35’

Ry -13+(%-NA)-SwhereNA-1

RB-20+Q-NB)-7whemNB-2
3

Rc-28+(?j-NC)-mmereNc-2

F.U., 13 + 20 + 28 = 61 = 9L
I3+ 2= + 28 +(241+1) [

The ratio of 6I/65 canbe stated that for every 65 input frames/output frames
only 61 will represent true input frames and L4 will contain no data.

The effective sync separation utilization must also be considered, It was noted

+hat the antimum svnc separation must be reduced in order that FI'? is a prime

number so that synchronization can be obtained, Iues gyis scparaticn ntilimation

is thersfore
S.m. = Sync Separation
Max, Sync Separalion aiiowawio
The S.U. for the first case is 100Z and for the second case is

S.U. = 9,333 = ,93
10,

In order to relate the frame and sync utilization to the overall system, it is
necessary to convert them to a bit and then to a bandwidth utilization factor,
The effect sync hit utilization loss is detemined as follows:

S.B.U.L. = sync bits x (1 = S.U.)

for the first case
S.B.U.L. b 21 b 4 (1.0 - 1.0) = 0

for the second case
S.B.U,L. = 21 x (1 - .93) = 10,-17 or 2 bitS/frm

The effect of frame bit utilization loss effect on B,U.E. is more serious.

F.B.U.L. =Nx (1 -F,0,)

A-35




For the first case
F.B.U.L. = N(1-1) = 0
For the second case
F.B.U.Le = 9,333 x (1~.9k4) = 560 tits

The decrease in bandwidth utilization efficiency, due to frame and sync
utilization less than unity, is detemined as follows:

Non-Data Bits = FoBoUoLo + S.B.U.L.

B.U.E. (decrease) in percent = F,B,U.L.+S.B.U.L. = 100
s/rrane

for the case of three input channels with frame rates of 13, 20, and 28 samples/
sec and an output channel with a data rate of 28,000 bits/sec,

B.U,E.(decrease) in percent = 562 x 100 = &%
9,333

A.1l Design Criteria for the Block Burst Retransmission Systea

The optimum design and evaluation of the Block Burst Retransmission Systenm is
based on the characteristics of the input and output channels which enter and
leave the retransmission gystem, The characteristics are usually givem and

the system must then be designed and optimized around the characteristic
parameters, This section discusses the effect of variable multi-channel input
parameters on the retransmission system without restrictions on any of these
parameters. The following di scussion will give step-by-step the criteria which
must be gpecified for the design of a blocked burst retransmission system, and
in addition the discussion estahlishes the basic equations for determining the
limitations of the system as a function of the given parameters, System desgign

criteria are related to the gelection of the input given and output parameters which

must be optimized are listed as follows:

1, Period of output frame,

2. Input framss per output frame,
3. Address Huits,

L. Data ratetolerance bits,

5. Channel Separation bits,

6., Time bits,

Te Error Correction and Parity cheek.
8. Memory capacity.

9. Data over flow compsnsation.
10, Sub-commutation compensation,
11, Bandwidth efficiency,
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Retransmission systems in which the total input data rate is greater than the
output data rate and in which data compaction techniques are not used, requires
the pre-selection of data parameters and their locations » conversely, the data
parameter not selected and their locations are then also known, Location of
non-gelected parameters between the first gelected parameter and the last selected
parameter are referred to as holes and will be used in determining memory storage
requirements,

The more important parameter which must be specified in order to fully evaluate

the retransmission system are listed in the following table, It is assumed that

for any particular system evaluation, the parameters are held constant,
Specified Parameters of the Retransmission System

Channel Data Rates Prime Frame Rates Selected Words Selected Holes Sanpl .Rate

Input 1 Ry P Wb Hy 515153 ..

"2 Rp Fa w2 Hp S525282...
Input N R, R, Wy Hy SpSpSpese
Output R To be calculated W, NA

A.11.1 General Output Word Format

The retransmission output link contains the data parameter and the time of
occurrence of the parameter. Tn order to provide this information with the
optimum bandwidth utilization, it is necessary to devise a special format for
the retransmission systems output. The output format for retransmitting input
channel mumber, one contains data parameter words grouped as to prime frame
number, an output time word and sync deviation word, The time and deviation
words aré used to locate the prime frames with respect to time, The actual
parameter selection routine of the programmer determines the location of the
paTameter within the frame, This information must also be available at the
data reduction site to properly locate the selected parameter with respect to
time. In addition address (frame) identification is provided at the beginning
of the block of frames of the channel. The format for the remaining input
channels is similar to the first except they contain channel seperation words
instead of a time of day word. The time of occurrence for the first frame of
these input channels is detemmined by summing the time of day word of the first
channel with the channel separation word of the channel under evaluation,

A.11,2 Period of Output Frame

It has been previously stated the period of the output chamel (i.e., output
sync separationitime) is dependent on the ability to reconstruct each data para-
meter, therefore, from experimental data
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So(output sync rate) = fo(output frame rate) = R,/K

or Tp(period) = K/Ro

where K is any whole nmumber less than 10,000 and divisible by 8 which allows
fo to e qual the minimum possible whole number and where R, and £, are ex-
pressed in per period rates,

The separation between sync for the ideal system is Ry/N where N=10,000, how-
ever, in order to synchronize the asynchronous input channels it is necessary
to reduce the value of N, This reduction prevents the full utilization of syne
separation allowahle, therefore, a sync utilization loss results, This loss is
determined as follows:

Sync Separation Loss (dk) = (1.9 - Sync Separation )
llax «Sync.Separ.Allow,

= (1.0 -N )
10,000

The sync utilization efficiency in percent (‘}\K) can be detemined from« X.

A.11l,3 Input Frames p-r Output Frames

Synchronous timing periods are necessary if a time of occurrence data is not

sent for every parameter. In order to convert the retransmission system from
asynchronous to synchronous, it is necessary that the input frame rates of each
chamnel divided by F, equal a whole nunber. If the number is not a whole number
then the frame rate must be increased by introducing blank frames, until it is a
whole number, The resulting whole number represents the number of frames of the
input channel plus blank frames which appear in each frame of the output channel.
The dif ference betwecn the initial rate and the new rate divided by the new rate
is the frame utilization loss, The frame utilization loss subtracted from unity
is the frame utilization factor.

The frame rate required for synchronizing the input channels to the output channel
is detemined as follows:

AN = input frames/output frame

= FN"'(FQ_BN)
——

)
where Fy is the frame rate of the input channel

By is any whole number between 1 and F, which
makes Ay the smallest possible whole mmber,

The new effective frams rate for synchronization of the input channel to the
output channel is Fy'and is determined as follows:
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The frame utilization loss is determined as follows:
néw n= ’
[ -]
n= ' E + F o J - % F
=% By LV T m =

n= %~F' = 0O
N 2EN"F0‘B}B

n=]
né- o«
Fx n=o®
-5 R s
=z, - 5)
n=1

The frame utilization efficiency is percent ()l £) can be determined fromeC £

Tlf n=1 FN4'F°—BJ 100

= (1 -QF) 100

The system designer should exercise care wherever possible in the selection of
the input and output channel parameters in a multi-channel system., The selec-
tions should be made to optimize the sync and frame utilization efficiency,

A.11.li Address (Frame Identification)

The basic requirement of an asynchronous system is to be able to detemine
which data parameter is being sent as well as its time of occurrence. The
identification of an input parameter in the output channel requires some form
of address or identification in the output format. If a parameter occurs at
a prime or super commutation rate, it is only necessary to provide time of
sync as a means for detemining time of sync, For chamnels which have sub-
commtated data rates, it is necessary to determine which prime (main) frame
contains the sub-commutated parameter. In order to locate the sub-commtated
parameters, it is necessary to place an identification word at the beginning
of each block of output data from a channel, The word would identify only
the first frame of the blocks. Since the following frames occur in ari thmetic
progression identification could be cbtained by referencing the first frame.

The nmurber of input prime frames for one input sub-frame is:

Py = input prime frame rate
lowest input sub-prime rate

The number of bits (I,) requimd for address (frame) identification is detemined
as follows:

(To)a _
PN
(Io)A log 19 2 -1og10 Py
(I log Pn
o)A = Jog 2 where (Io)A is the closest larger whole
number,
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The bandwidth utilization efficiency in percent quue to the a ddress word is:

)’]A -K-(Iol+Ioz+I03+..I°N)A x 100
r—

NA =(1=~(Toy + Ip2 + T03 . . Ioy) A x 100
The bandwidth utilization loss («A) due to the address can be determined in

temsof'lﬁ.. N
- 1 \ilog Pn
xt- = ¢ [
'YIA- 100 (1 - &XA)

o A= 1-;%3‘—

The effect ofecA will be small vhen commared to other losses, however, the
system designer should consider sub-prime commutation rates which cause I, to
be equal to or slightly less than a whole mmber for if I is slightly larger
than a whole number then the next larger whole mumber mus? be used,

A.11,5 Data Rate Tolerance

Once time is established at the start of a block of frames of input channel nNn
it is only necessary to determine the deviation in the known input data rate in
order to detemine the "time of occurrence" for any input data parameter., The
deviation can be the result of frequency drift, doppler shift or other sgimilar
causes. The main cause of deviation, however, is due to frequency drift of the
bit rate oscillator of the data gathering system, The maximum time deviation
per frame is determined as follows:

Deviation(max,)/frame = Data rate tolerance x prime frame rate,

In order to detemine the deviation in time between the time or channel separation
word and a particular frame (N) of the channel it is only necessary to multiply
the deviation per frame by the number of frames {N-1) between the time or chanmel
separation word and the frame in question, '

Total deviation (max) = Data rate tolerance x prime frame
rate x (N-1) or frame (N)

The maximum time deviation for a given frame is formulated into a deviation word

and placed at the beginning of each frams, The following table is the time
deviation for n frames,
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Frame No. Devi ation Word Deviation Word Nurber

Frame #1 Time of Day (Channel Seperation) #1
2 Devi ation/frame x 1 #2
" 3 n x 2 #3
Frame N Deviation/frame x (N-1) #N

The muber of bit (I, )t required for the time deviation word is detemined as
follows:

] Io = Deviation wrd

(Io) t = log (deviation word) Where I, is the closest larger
Tog 2 whols number,

The normal amount of tits required for deviation words are extremely small when
compared to the bits required for time of day words, however, since the devia-
tion words is directly related to the bit rate tolerance and the number of
frames per block, it is esgential that the system designer strive to keep the
input rate tolerance tight and the prime frame rate to some common multiple of
a low prime number,

The bandwidth utilization efficiency in percent Nt due to Wit rate tolerance is:

. K - (102 + I°3 + Ioh +eseoee ION)T
'( T = X - 4 a8

where (I,)7 represent

The geviaiion wuid Divse

=0
n . = 100 [1 _ (102 + 103 + Ioh + coes Im)ﬂsf ) l n% Log DN‘ 100
K R

The bandwidth utilization loss (e¢T) due to bit rate tolerance can be determined
in terms of n T

n=eo

- Log(Dev)N
Nr éz K Log 2

N1=Q-cp) W00

<re- 2
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A. 11,6 CHamnel Separation Word

The previous discussion centered on establishing time of occurrence for an
individual frame within the first input channel using the time of day word
at the beginning of the output frame and the bit rate tolerances of the input
channel, Once time of occurrence for the beginning of each successive block
is established then the frame timing can be accomplished in similar manner,
The time of occurrence of a block can be determined by surming the time of
day word ard the time separation between the first block and the data hlock
under consideration, The maximum time separation is the period of the output
frame where
T,.(period) = K
P R
o

The channel separation word must have the cam tility of handling the max, time
separation (Tp).

The max, bits required for channel semaration wrd is detemined as follows:

2 (I,) S = Separation Time Word (Tp)
(Io)g = g T where Io is the closest larger whole number and
Tog 2 where n represents the block number,

The bandwidth utilization efficiency is percent)l due to the channel
separation word is: S

" - K~ (Ioa + 10_3 + ..aooIows -

\ s 'y 100
(Io2 + Io +, -ooIo )S
'E - X 3 N x 100

n=o0
Toy ne «©
=100(1- & )= 100f1- = X jlog T,

i‘he bandwidth utilization loss ( ) due to the address can be determined in
erms of

n= ol

«s" % il
'yls-IOO(l -°%)

RN E
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A11.7 Time Word

The time of occurrence of the first sync within the period is detected .
and used to generate the time word. The time ward will contain units
of hours, minutes and second and will be measured to an accuracy of

one microsecond. The number of bits required for the complete time
word is tabulated as follows:

Number System Bit Location Total Bits

Hours Min, Sec.

1) Binary coded decimal 6 7 31 Lk

2) Straight Binary with 5 6 26 37
separation between units
of hrs. Min., am Sec,

3) Straight binary with no 37
separation

The number of bits listed above are based on a maximum number of 2L hours,
60 mimutes, and 60 seconds.

Since the primary interest is in transmitting the maximum data within a
period rather than standardizing the time format, only the 2nd system
which uses the least number of output data bits yet has some form of
time separation will be considered.

The bandwidth utilization efficiency in percent ;z ¢ Que TO Tne vime
word is:

,‘-t - ;'; - :L ]_m
S G TL = Time Word

The bandwidth utilization loss o€ ¢ due to the address can be determined
in terms of ’Zt H

A, « TL
vt o

Ky = 1- ;’&;— A-L3



A.11.8 Error Correction and Parity Check

An incorrect data parameter should not be considered critical enough to
endanger the mission or cause a serious loss of intelligence. It may
not even be necessary to know that a parameter error has occurred during
an output frame, however, since it is relatively easy to place an over-
all parity bit in the output format, a parity bit is added.

More important consideration is given to time and address data since an
uncorrected error in this data could result in the mininterpretation or

loss of a complete output frame of data, therefore, not only is it necessary
to detect an error but the bit in error should be corrected.

A single bit error can be corrected using an error correction code containing
"K" checking bits. The number of "K" bits for "N" bits of data are listed
in the following table.

Data Rits Correction

1 2
2-4 3
5-11 L
12-26 5
27-57 6
" t
" 1"

IN 1 H K '

The correction bits. when considering bandwidth utilization efficiency
or loss are included as a part of the data words.

A.11.9 Memory Capacity

The total storage required 'n' input channels not considering overlap
of memory access between input and output, is determined as follows:

-0 LJ ] -
M e 2 T S e o (i L Inin) e - B

n=1
where [wn - Tn'RnJ?_o,

" " -
anann *(Wn_an)RanRoéwn
Tn' 18 the whole mmber part of Tp and Tp," = (T - Ty')

- X 1 _1\ _H, 1 + 8WySpK
Tn=f, *8 [w”(% Rn) P;J’ £ Rg2
The definition of the parameters are as follows:

Sp - Sync rate of input channel n

Wp - Words per frame of input channel n
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Rp - date rate of input channel n
R, - data rate of output channel

Hn - word gaps between first and last selected data parameter of
a frame of channel n,

The time parameters Tn' and Tn" are functions of T, and are defined as
follows:

Tn=Tn +Tp"
Where T, is the time between the start of data storage of channel n and

the start of data read out. T,' is the whole number part of T, while
T," is the remainder,

The parameter T, is determined from the following equation

Th = Tp + Ty + T_(slip) - Ty

. N | K i
where Tp is the period of time % or X and, Ty is the receiver time

less the transmit time of one frame of charmel n, T(s1ip) 1s the input
frame granularity %; and Ty is the output time of input data channel n,

.-BCHn(—-— Hn

8 5 8 WySK
Ty = — W NKw
PR TR “RZ

combining and solving for tp

N Hn 4 8 WnSpK
T BjWp(— - =
n F; + n(Ro Rn) Bn Sn __Z'—Ro

The maximum data loss due to data overflow compensation is determined
as follows:

Data loss/output frame:

n=ed
< (Pa(max) - Pa(atn)) Fo(uin) ¥h
n= 1 " Fo Rn(max) Yo
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where R, (max) is the max., input data rate for channel n
Rp (min) is the min. input data rate for channel n
Ry (max) is the max. output data rate
F, is the output frames per second
Wy is the number of words of channel 'n' per output frame
Wo is the total number of words per output frame

The data utilization loss oCp is determined as follows:

of _ - Data loss/output frame = Data losséoutput frare
- DT Total Data/output frame o

Rn(max) - Rn(min) Ro(min) wn]

8 Fo Rn(max) W%

. n=
&D-'- 2
n=1

4.11.11 Sub-commutation Compensation

The loss due to sub-commutation compensation can be controlled by the
proper selection of parameters and data rates. The general PCM data
system when not considering parameters priorities is arranged as follows:

Input Parameters Rates (samples/sec.)

Xn Sn

-4 ol

un “n

x . s ;ll

"
Xn Sy
etc. Sn(lowest)

The Data Reduction Ratio is determined as follows:
DRR = Chamnel n input bit rate

Output bit rate - output bit rate for all channels other than n
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Max. DRR n
T

o

as W, —»0

Min, DRR = in —

Ro - Ro W - Wy
Wo
”Wn__+ WO

Consider the following:

o

Parameter(sn) - %& =YY,

The whole mmber part of Y represents the number of S(n) samples
per seconds parameters contained in the output link, converting the
remainder to the next lowest sampling rate,

, « rs - - LY —— Sn —
Parameter (Sn') (remainder) = Y, - ﬁr = R'

B AL v A. ~ 8 -— 3 _ ___®__ Tr s ae - 2w v
ARG, VAL MWMMGL WU n MM G alis u..l.va.u..uls Uy wvac wvunn
. |

. . . ?_" - .
Parameter S, *# ———8— 2y v
5n DRR n

again the whole number part Y' represents the number of Sn' samples

per sec, parameters contained in the output 1ink, The above steps
are repeated until all parameters rates are accounted for,
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The remainder of the last comversion represents the utilization loss due to
sub-prime sampling rates. The maximum parameters loss for channel n would
occur when the remainder of the lowest rate equals the magnitude of the
lowest rate as a final value,

Therefore, the utilization loss in bits per frame is determined as follows:
n=
UL = = Sn (%owest) x 8
o

n=1
n= oo
ol Sn (lowest)
R néal FoWo -

A.J1.02 Bandwidth Utilization Efficiengz

The total bandwidth utilization loss is detemined by summing the utilization
loss due to formatting and compensating factors, determined in previous para=-
graphs, '
vhere o s is the sync synchronous loss

oCp is the frame utilization loss

ot 5 18 the address utilization loss

ol ¢ 1s the rate tolerance utilization loss

ol » is the channel separation

°"t is the time word utilization loss

ol i 18 the error correction utilization 10ss

o p is the data overflow compensating utilization loss

R is the sub-commutation compensation utilization loss

The total bandwidth efficiency is determined as follows:

A-L48




B-l -
B2,

B-3.

B-l.

B-S.

B=6.

B"?o

Burst Data Reformatting Program

General
Purpose
Program Philosophy
B-3,1 Discussion
B-3.,2 Advantages
B-3,3 Exclusions
Input Data
B-}j,1 Tape Recorder Data
B=l.1.1 General
Ba),1.,2 Data Format
R=},1.,3 General Word Format
B=li.1l.li Specific Word Identification
B-},2 Parameter Cards

B-4.2.1 Channel Identification Cards
B=},2.2 Timing Variation Cards

B=hie3 Time of Day Recorder Tape
Output Data

B-5.1 Output Tape

Program Operation

B-6,1 Time of Day Correlation

B=b,2 Sync Couniver

B-6,3 Interum Sync Generator

B-6.l; Address Comparator

B-6,5 Data Extraction and Storage
B-6,6 Frame Development

B-6,7 Timing and Control

B-6,8 Data Sequencing and Transmission

Data Replay

APPENDIX B

B-1




List of Illustrations

Figure

B-1.
B-2,
B-3.
B-l.
B-S.
B6,

Table
B-1.
B-2,
B-3,
B-l.
B-5.
B-6,

Simplified Subcommutation Format, Agena Telemetry

Simplified Subcommutation Format, Gemini Telemetry

Simplified Subcommutation Formal s Titan Telemetry,FirstW ord
Simplified Subcommtation Format, Titan Telemetry, Second Word
Simplified Subcommutation Format, Titan Telemetry, Third Word

Decormutation Philosophy

Tables

Vehicle Data Rates

Timing Bit Breakdown

Blocking of Output Data

Channel Gorrelation iapie, Agena
Channel Correlation Table, Titan

Channel Correlation Table, Gemini

B=2



B-1, GENERAL:

B~2,

B-3 O

This document prescribes the requirements and specifications

for a computer program which will demonstrate the feasibility
of the Periodic Burst Technique,

PURPOSE:

The purpose of the study was to examine a technique for retrans-
mitting telemetry data taken from three different input links,
This program will test this technique by processing simulated data
from three tape stations, sampling and reformatting that date via

the predetermined format routine, and outputting to a fourth tape
drive .

PROGRAM PHILOSOPHY:

B-3,1 Discussion

The input data will be taken from each of three tapes
transports which will hold data recordings similar to
transmissions from Titan, Gemini, and Agena telemetry
links.

The different data rates from each of the missiles, 172.8
kilobits per second for Titan, 51.2 kilobits per second
for Gemini, and 16,38l kilobits per second for Agena will
be scaled so that the data rate for Titan is three times
that of Gemini, and that for Agena is one-third of Gemini,

Table B-1
Vehicle Real Data Rate-KBPS Scaled Data Rate
Titan 172.8 172.8
Gemini 51.2 51.2(ref)
Agena 16,38l 17.07

Vehicle Data Rates

The actual data input rate will be about one-quarter that of the
scaled data rate since the peak input data rate is limited by the
computer to 41,7 kilobits per second.

The input data will have been addressed prior to introduction to
the computer as if it was the output of the PCM decommutator.
The data will then be reformatted into the format dictated by
the program,

Output will be on tape.

A variation of the internal timing rate will be possible,
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Advantages

The program will demonstrate the capability of the routine

of selecting parameters from three different sources running
asynchronously, and retransmitting them by the periodic
burst technique.

The feasibility of varying the imput rate and the ability
to reconstruct a time base will be»demonstrated.

Exclusions

The primary limitation in demonstrating a real-time data
handling system is the simulation of the varialle, +0.05%
on Titan, data imput rate. Inasmuch as the input tape
recording cannot be varied at will (and if the input rate
could be varied, the input buffer would restore the data

to the computer determined rate), an artifice of defining
everything in times of periods (nominally of 102 bits dura-
tion) and varying the period by +1%), will demonstrate the
usefulness of the guard bit. -

A second problem occurs in meeting the input data rates,
The input rates cannot be simulated exactly due to the
limitatfion on the tape input speed. Therefore, a read-
in rate one-eighth of the maximum (Titan) rate resulted.
The output rate closely simulates the required rate for
the comminications link although the figures are cir-
cumstantial at this point.

The data processing rate for the computer is certainly

within the telemetry input specification since the basic

transfer rate is on the order of 2 microseconds (500
Kbits per second).

‘he simulation of the various data rates has been approach-
ed closely by varying the ratios of useful to total data
(input) by the ratios 9:3:1.

Real telemetry data has not been used primarily because the
actuval computer input assumes that the PCM data has been

decommtated and addressed., Also, a number of sub-commutated

channels have been dropped since they add little to the
reformatting problem,

The input to many of the channels has been held constant to
simply the analysis of the results.
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In using a number of tape decks which are part of a
working system, the bit-by-bit variation between input
channels which would result using three actual telemetry
sensors will not occur., The very syncing &f the tape
drives by the computer will tend to make the input data
less variable than in the final system,

B=ly. INPUT DATA:

B-}.1 Tape Recorder Data

B-li.1.1 General

Tape Recorder Data will be from three tape
stations, simulating the Titan, Agena, amd
Gemini missiles, The ratio of data words
will be 9 Titan words to 3 Gemini words to
1 Agena word.

By scaling upwards:

(a) 3 Gemini words/unit time----51.2 XKBPS
(b) 9 Titan words/unit time----153.6 KBPS
172.8 KBPS
(incl.sync)
(¢) 1 Agena word/unit time----- 17,1 KBPS
as compared to 16.38) KBPS in reality.

B-)j.1.2 Data Format

Data will be a format similar to that which would
emerge from the decommutator (after addressing).
Data will be in 36 bit standard binary format,
Tape should be in high density,

B=}i.1.3 General Word Format

The general format will be the same for all
data words:

Bit position # 1-9 First channel address
10-18 First data word
19-27 Second channel address
28-36 Second Data word

B-li.1.li Specific Word Identification

Data which is transcribed on each of the tapes
will follow the patterns listed below. For
purposes of simplicity the mechanical analog
of the format, the sub-commutation format, has
been used.,
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The format for makirg up the input data tapes should be capable of
allowing different simmlated data information to be substituted into
some of the data channels,

B.h.1.h.1 Agena Data
Bohol.hcl.l Simplifioahion

For purposes of the demonstration, the Agena sub-commutation format
will be simplified (see figure B-1), Sub-frame C and the last two
parts of sub-frame B will be dropped,

B.h.l.4.1.2 Specific Channel Contents

Main channels }4,-128, with the exception of 16, 17, 32, L8, &, 80, 96,
112, and 124, should contain the channel nunber itself. The same will
hold for sub-frame A. The excluded channels are those which lead to
sub-commutated rates, Sub~-channel B should follow the same assignment
pattern. Channel 1 contains sync which is shown in Figure 3.2,17 en-
titled Agena Telemetry, PCM System Synchronization Words.¥ Note that all
commtation rates are met,

B.lhil.i1.2 Gemini Data
B.l.1.4.2.1 Simplification

A1l but one of the sub-commutated pick-of fs has been eliminated. This
is shown in Figure B-2, Simplified Commtation Format Gemini Telemetry.
As in the case of Agena, at least one sample of all commtation rates
has been maintained,

B.h.1.h.2.,2 Specific Data Contents

The channel mmber, as before, should be encoded in the channel,
B.h.1l.4,3 Titan Data

B.h.1.L.3.1 Discussion

The Titan format is unique to this study in that super-commtation
instead of sub-commutation is used. See Figure 3.3-4 (Titan Launch
Vehicle Commitation Format) and Table 3.3-5 (not included). In order

to simplify the data encoding, the Commutation Format has been modified
to a sub-commutated version, see Figure B-3-L-5. A check of this against
Figure 3,3-5 will show the results to be identical. A word should be
read from each of -3,-l4, and -5 in turn and thru recycle. For example,
177 on-3 178 on-L, 179 on-5, then back to 180 on-3,

# A1l Figure numbers which do not contain the Appendix B designation
refer to those figures in the original specification,
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BoholohoB 02 Simpliﬁcation

Modifying the data pattern to yield one of each sampling rate
produces the results of Figure B-3-4-5, New channel assigmments,
running from 196 through 220, have been inserted in the now vacant
channels,

B.ho1l.ke3.3 Specific Channel Contents

The channel number should appear in all channels, including the re-
numbered ones, except chamel 190 which will contain a digitized
E.C.G. signal,

B=L.2 Parameter Cards
B.4.2.1 Channel Identification Cards
B.lie2.1.1 Description

The cards will give the chosen channel numbers, which could vary from
1-511, and the data source, The actual channel numbers can be picked
using the tables in the Appendix on chamel addressing. (The correct
channel mix and order of chamel call-up must be chosen prior to the
test). The time difference between sync and the output of interest
will also be listed on the card, This time difference will be used
to reconstruct the time word when the tape is replayed. The time
differences for each channel can be computed using the Commutation
formats, Figures B-1 through B-5, For example, on Gemini, channel
120 occurs:

120 revolutions 1
150

L0 rewIutions/sec 0.018 seconds

after sync,
B.4.2.,1,2 Data Format
Bit position # 1 =9 First channel address

10 =11 Vehicle data source
12 -28 First channel tp;¢e

Il =49  Second channel address

50 =51 Vehicle data source
B.lte2,2 Timing Variation Cards
The card will have the chosen clock rate, 100---10l bits

Bit position # 1-3 Clock rate
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B.i.3 Time of Day Recorder Tape
Bolie3.1 Time of Day Correlation

Bolie3.1.1 Purpose
A simulated time of day is dupped on a tape., This time will be compared
with sync from each of the three missile data channels, and a time of
migsile gync will be derived and stored, This time will then be used at
a later time to find the period-by-period time scale and variation,
B.4.3.1.2 Format

The T,0.D. will be in hours, minutes, seconds, ard micro-seconds, The
nurber of bits to be used is 37*, yhich is divided as:

Pariod Hours Minutes Seconds Microseconds
Max. No. of Units 23 59 59 1062
Number of Bits 5 6 é 20

B.h.3.1.3 Coding
B-ho3 0103 01 Hlilosophy

At the maximum rate of data input, L1 ,7KBPS at 36 bits per data block,
approximately 1,158 data Hlocks will appear real second (if this

data is at the same density as telmetrydata), or 9,611 data blocks per
data second (at the 8.3:1 scale factor), The precision of the time block
is governed by the number of time blocks per data block since the length
of a data second has already been fixed by the required sampling rates

of the telemetry data. If all 36 bits/data block were used for a time
word, the word could be read to a precision of (approximately) 1 second/
10K time blocks = 100 microseconds, If only 18 bits were needed, the
precision would be 1 second/20K time blocks = 50 microseconds. However,
those 18 bits would have to be proportioned to give 15 bits for micro=-
seconds, to count up to 1,000K microsecond/5Omicroseconds = 20K ami only
3 bits for seconds, The second code would have to recycle every |, seconds,

Table B-2
Breakdown
Ly Time Bits Used Precision Related (This Demons)
in 36 Bit Data Word of Time Time Inc. Hrs.Min.Sec.uSec. _Legend
pI L 100 K 5 6 6 19% wNot all

needed

*Por this demonstration only 36 bits will be used, Therefore, the
maximum nunber of hours to be used will be 15,
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Table B-2 (Conttd)

2 Time Word
18 = m 50 20K - - 3 15

_ 3 Time Word
2h = sty 023 1X L 6 1
_ L Time Word

3 Data Word & 1338 1 6 6 1

27
Timing Bit Breakdown

The precision of the time error which will be detected (in the inter-
laced system) will be:

+ 1bit_x 50,000 microseconds = 500 microseconds

I02 bit period

Note that in real system precision 0,05% x 50,000 microseconds - 25
microseconds. Since even the coarsest unit, i.e., one time word per
data word, gives a precision five times that of the minimum error
precision, that will be used.

B ™ ho3 0103 .2 Mec}lanization

In order to keep the time scaling linear between points, a more exact
precision which approaches 104 microseconds per block must be used,

For example: Block Number Time Period
1 10" :3m:235:123,4,00
2 :123,50hL
3 :123,608
L :12h,712
B.5 Output Data

B.5.1 Output Tape:
BOSolol General

The output data tape represents the merged outputs of the three input
tapes. As such it must be responsive in some fashion to the input data
rates, for if the rate falls below the specified rate (of L0,8KBPS
scaled), the memory will "overflow", If the rate exceeds the scaled
output data rate, care must be taken, especially in the blocked system,
that readout does not occur before memory read-in load in reachss the

specified point,
B.5.1.2 Scaling

For the Interlaced System ~ the slot sizes vary between 29 and 37 bits
with some 4O bit entries. Therefore, a standard 36 bit word will be

adapted to the slot size. The 37 bits and L4O bit entries will be short-
ened, Since three slots make up a standard 102 Interlaced Format period,
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FIG. B-6 PERIODIC BURST COMMUTATION FORMAT
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three standard (108 bit) data blocks will be equal to this. Since both
the input and output tape does have the same data capacity, the output
data scaling is:

(8.3 input data 153,6 - mod.input Titan rate 102 hWits 1 data block
word scaling 0.8 - output data rate I08b5its 2 input data
words

= 11,7 and only one out of every
15 output blocks is data.

B.5.1.3 Coding

In the final-type system, a mumber of control signals would have to be
sent at some time which would identify some significant point in the

data message so that points, such as syne, could be identified. In

this demonstration, no such command exists and, therefore, coding to
identify specific data blocks will be assigned, Since the sub-commutated
channels of the Agena and Gemini carry their own sub-frame identification,
it will only be necessary to identify the twenty period between Titan
sync. Therefore, a code ranging from 1 to 20 (5 bits) will be used to
identify the 20 data blocks (0 will be reserved for non-data blocks),.

B.6 Program Operation

B.6,1 Time of Day Correlations
The first bit of (Titan) sync will be compared with the specific T.0.D.
This information should then be sent to memory, Only the last 18 LSD bits
of Agena and Gemini will be used in the Burst system, As each additioml
time of sync occurs it should be compared with the previous time of sync,
and this difference mirus the standard period length will be stored as
the deviation,
Titan deviation - T - ty.) - 1/20 in seconds
Gemini deviation- Tp - Tp-1 - 1/40 in seconds
Agena deviation - Ty - Tp-1 - 1/16 in seconds
Bo602 Sync Counter

Successive sync pulses are to be counted in order to establish the format
and the sub-frame rates:

306.201 Titan

A 5 tit counter is strobed by the Titan sync. The counter is capable of
counting the twenty sync frames which occur in a second,

B-60202 Gemini
A 7 bit counter will count the 96 consecutive occurrence of Gemini sync.

The information in this counter could be compared with the prime sub-frame
address, For example:
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Syne Counter Prime Sub-Frame Address

Decimal Binary Decimal Binary
MSD 1SD
95 1011111 23 10111

B.6s2.3 Agena

A 7 bit counter will be enabled to count the 80 sync pulses
which determine the sub~frame ratio,

B.6.3 Internal Sync Gemerator

An internal oscillator generates a sync pattern which precedes eachdata
period and identifies the start of this period,

Pattern - A 2}, bit sync pattem is generated every 1/20 second. The
pattem is:

5 L 3 New bits

0000011.01101011110111001

The sync Burst oscillator is initially triggered by the Titan sync
(delayed) and thereafter free-runs.

B.6.ls Address Comparator

Addresses from the parameter cards are compared with those on the tape.,
The selected data is sent to memory,

B.6.5 Data Extraction and Storage
As each piece of data is derived from each of the three tapes, it should
be placed in memory. (It will be necessary to have recycling memories
for both s ystems and we may want to have specific storage spots for each
piece of data,)
Bs6s6 Frame Development
B.6.6.1 Frame Size, Normal
Normally the data output should be arranged as:
B.6.,6,1.1 First Period, 21, l1, etc,

(a) Slot a - 29 bits

(b) Slot b - LO bits

(¢) Slot ¢ ~ 33 bkits, including guard bit
I0? nits
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Be6.6.1,2 A1l Other Periods - 2 thru 20, ete,

(a) Slot a - 37 bits
(b) slot b - 32 bits
(c) Slot ¢ - 33 hits

102 vits

B.6.6.,2 Frequency Varying Case

The capability should be included for varying the length of slot ¢ by
4l Hit (about + 1g%),

B.6.6,3 Parameter selection

For purposes of the demonstration, the psuedo 80SPS and 20SPS channel d ata
which is to be in slot A will be specified in tems of the acceptable

channel mixes of 4O, 20, 10, 1,25, 1.0 and 0,416SPS. Data as follows:
(See Output Format Figure):

Data Comment
First Psuedo-80SPS Channel Divided into L~20SPS Channels (Not really)
n 20SPS # Burst Sync (Not really inwlved)
Second 20Sps n 24-0,l16SPS Channels - 1 -10SPS Channel
Third 20SPS n 8 - 1.255PS Channels - 1 -10SPS Channel
Fourth 20Sps n 1 - 20SPS Channel
2nd, 3rd Psuedo - 80SPS Channels Already Specified
hith Psuedo - 80SPS Channel 20 - 1,0SPS Channels
3 ~ 208SPS Channels
5th Psuedo - 80SPS Channels 2 - LOSPS Channels

The number of sub-commutated channels which are presently encoded are:

Sampling Rate SPS Number of Channels
0-L16 (5/12) 2l
0.2 80
1.0 128
1.25 8
10 2
20(Titan) 20 _
20 Not Encoded
LO(Titan) 10
159
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If delay between Titan sync is greater than 581 microseconds and less
than 2250 microseconds after Burst symc:

(2) load time of Titan sync into slot 1b.
(b) Load all called for slots into memory.
(c) Switch memory and readout L - LOO SPS data into slot 1c,

Load other channels similarly,
B.6.8 Data Sequencing and Retransmission

3. Sense internal Burst sync and insert into slot 1a,
b, Titan data - load parameters as follows:
(1) Time of Titan sym into 1b,
(2) Insert other parameters as demonstrated in Data Format,
Ce. Agena data -~ as under b,
de Gemini data - as under b,

Table B-3
Slot Data Word Count Data Part:‘.onigg. Bit Counts Bits Used Block Count
Blocks Used
1A Burst Sync 2l Burst Sync 2l 8
Titan Index 5 Titan Index 5 2
29 29 T
2A,34 Time of Agena Time of Agene
Gemini Syme 26 Gemini Sync 25 9
Index 7 Index 7 3
Extra L. , 32 1Z2-
37
A1l )L B-Bit Word 37 ly 8-Bit Words 32 12
Other
A Slots
1B Time of Titan Titan Sync 36 12
Syne 37
A1l  B-Bit Words 37 L-8 Bit Words 32 12
Other
B Slots 3-8 Bit Words
1-8 Bit word 2l 9
A1l L-8 Bit words 32 Plus CGuard Bit 9 3
c Guard Bit 3 - —
33 33 12

All Simlation Output Slots are 36 Bits Long - Blocking of Output Data,
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By7 Data Replay

In deciphering the output data tape, care must be taken to insure that each of the
data channels can be separated and interpreted. To accomplish this, the fomat
for both the Interlaced and Blocked will be arranged to conform to the IBM 36 bit
word and the actual representation of the twelve bit words that it can be broken
into, The organization of this will be as follows:

To read out a particular parameter,(a)Identify Burst sync (one out of every sixty
blocks) by its particular pattemj(b)The parameter of interest will be some known
number of IBM data blocks (data slots) after Burst sync. Similarly, the parameter
can be located within the data block by a key;(c)Time of each parameter can be
estal;lished using the time of that periad and then reconstructing time (as shown
in C).

To find out the time at which any one channel was strobed out, to the time of
sync should be added the time difference between the sync and the channel readout
plus the error in time syncing:

tn = tgyne + tairr (1 + tgey )
peHod

The time of sync and the time deviation is available from memory, The period
between syncs in a constant for each channel, 1/20 second for Titan, 6 for
Agena, and 1/LO second for Gemini, The location of a channel with respect to the
total mumber of channels varies from vehicle to vehicle, This difference paranm-
eter should be an input,

The general formula for constructing the time code is:
= + f (1 + t )
Y = by 4 Ypier pﬁ_ﬁg

where t1, = the time of occurrence of the lowest sync rate
which occurs at 1/20 second imtervals for Titan,
0.l16 seconds for Agena, 0.20 for Agena.

ey = since its the deviation time over one period.

The tpirr term represents the offset from sync and is:

tpigr = TH jﬂg_a+b+c

Where Ty = the period of highest sampling rate
Sy = highest sampling rate
87, = lowest sampling rate
S = sampling rate of chammel 6f interest
a = varigble mltiplier
0 a (s/sp-~1)
b = mib-frame mmber minus 1 of channel of interest

0 b (s/sy/s -1)
¢ = Jocation in parts of highest rate rewlution of channel of interest
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Example:

Assume that we want to readout channel 169, a 200SPS chamnel which
is in the second sub-frame number in the fourth of 16 channels (in
the LOOSPS commutation format).

tpigr =T (&R asbec)

1 LoOsps - - li channel
"E0 sotees ¢ (2 swb-frame sipgronnet

=L (2a+12/4) 0 a 9

1,00
and tpipp 'Wl ? (2 a+11/L)
a=0
9
= (1+) +
et T o (2a+11/0)

where the time (t;) of the lowest sync occurences, and = deviation,
can be plugged in as defined,

B-8 Simlation of Data Rates

B-8.1 Philosophy
The actual data rates from the three vehicles into the computer proper are

shown belows: ’
as own below 4 \L
TITAN 172,8KBPS TITAN .
GEMINT 51,2KBPS | DECOMMUTATOR GEMINI COMPUTER
AGENA
acENa  [20-3LKBPS Sl

Decommutation Philosphy
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For purposes of the demonstration, the data handled by the computer will
be already assumed to be decommutated and properly addressed for handling
in the computer. Therefore, the actual tape state inputs will be derived
from the addressed data, which data will have a different rate than the
telemetry input (becaise of addressing), Inasmuch as possible, this data
will compare with the input rates,

B.8.2 Data Scaling

The varying data rates for each of the missiles, 172.8K hits per second
for Titan, 51.2K bits per second for Gemini, and 16.38LK bits per second
for Agena can be scaled so that the data rate for Titan is three times
that of the Gemini, and that for Agena is one-third of Gemini.

Vehicle Real Data Rate - KBPS Scaled Data Rates
T4 tan 172.8 172.8%
Agena 16.38L 17.07

B.8.3 Data Addressing
B.8.3.1 Preferred Technique

The previous Appendix on data addressing has shown a necessgity for

9 bits of channel identification with each 8 bits of data word, In
addition, two more identification bits must be added at some point
to identify which of the three missile sensors the information was
derived from, Therefore, a total of 19 bits must be used, In order
to parcel the 19 tit code in the best fashion in the standard 36 bit
word would require a loss of almost half the available data space,
Therefore, a 17 bit code will be adopted which will allow two data
words to be compressed in each 36 bit standard word., It will, of
course, be necessary to differentiate which sensor the data is read
from by some other device,

The format will then be:

Bit Position # 1 = 9  First Word Address
10 ~18  First Data Word
19 =27 Second Word Address
28 =36 Second Data Word

Each of the 6} words in the 5 minor frames is composed of 3 eight-bit
syllables plus a sync code of 3 bits. A callout of any one word in
the Titan format thus requires 10 bits,.

* Compensated to correct for three sync bits associated with
every 2 bit data word.
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B.8.3.2 Secord Technique

A second technique could be used if the emphasis were strictly on the
faster read-in of data at the expense of programming. This reasoning
comes about because the Titan input data link is much the heaviest
loaded link and dominates the development, At the same time Titan is
unique in that its data word from the missiles is organized as follows:
specification of which of the 6l words (6 bits) in any minor frame
syllable (L Bits) is specified, The minor frame syllable is made up
of the five minor frames multiplied by the three syllables in each
word, The 10 address bits combined with the 3 eight-bit syllables
give a total of 3l bits out of the 36 kit format and 3/2 as much
read-in rate as the Preferred Technique,

The disadvantages of this technique are:

(a) The address specification for Titan becomes unique with respect
to the other two missile addresses.

(v) specification of any one word from Titan becomes a more complex

operation of specifying a minor frame, a syllable, and a word
location instead of just an address as in the Preferred Technique,

B.8.4 Data Rate Scaling
Using the preferred technique, (1,700 bits/sec) 2 data words -
1ts/blo 1 standard block

2316 2/ 3 data words which is equivalent to (23162/3 data words
secoE SecCo

( 27 bits ) = 20.85K tits/second or a scale-down ratio of 8,3 to 1
~3 data words

from the actual 172.8K bits/second Titan rate. (The restriction on scaling
of data rates is on the tape drive, The actual system would have a specific
input data buffer, and the restriction would then be on the computer clock
rate which is sufficient to handle the actual 172.8K bits/second input rate.)

Note that the second technique wuld lower the 8,3 scale-down rate by a third.
B.8.5 Length of Data Runs

At 75 inches/second a tape 2500 £t long will take 38l seconds to run., The
data scaling factor of 8,3:1 scales this to about LS seconds. Therefore, the

highest sampling rate (L4OOSPS) will contain 18K samples, the lowest (0.25SPS)
about 180 samples.
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B-9 Data Channel Addressing

For output frame-by-frame data from the program, it will be necessary to satis-
factorily identify the sub-commutation ratios of 80:1 (Agena) and 96:1 (Gemini)
in the output data formats., Similarly, at least partial sub-frame identification
is on the telemetry link itself (although no sub-frame identification will appear
on the similated telemetry tape which has been assumed to be decommutated and
addressed), For purposes of data handling within the computer program proper,
however, handling will be on a word-by-word process, and each word must carry
its own identification, Therefore, to minimize the mumber of identification
bits which each word must carry, the sub-frame addressing will be dropped
(intemally) and a complementary idemtification will be used. Illustrations
will follow, A saving of 5 bits in the address results from this technique,

A table cofrelating the channel assignments with the proper identification
follows.

Agena

Referring to Figure 3.2.12, the sub-commutation format (mechanical analog) of the
Agena Multiplexer, it is apparent that a matrix of the 128 (7 bit) main frame
channels squared with the 80:1 (7 bit) sub-commutation ratio would require a

1 bit identification, However, the total number of channels are:

Main Frame 128 channels
Sub Frame A 128
Sub Frame B 2L0%
Sub Frame C 16
517 channels = 9 hits

Note that for main frame channel correlation there is a one-to-one relationship,
and for sub-frame A, a similar relationship exists after taking the 128 factor
into consideration,

Titan

Referring to Figure 3.3.5, Major Frame Format for Tital Telemetry, a matrix of
6, words (6 bits) by 15 minor frame words (4 bits) would require 10 ID bits,
Because the Titan format does not use a sub-commtation ratio, however, many
of the assignments are redumdant,. The actual number of channels used are:

196 analog channels
6 combined bi-level channels
5 sync words

207 words = 8 bits

The Titan word is 27 bits long and composed of three 8-bit syllables plus three
sync bits at the ehl, All sync bits are the same, "110%, except the main sync ®001",

# Each word is equivalent to three 8-bit words.
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Table B-l

Channel Nurber
Frame (Decimal)
Main
128
Sub-Frame A
128
Sub~Frame B 17 -1
17 =80
18 - 1
18 =80
19 -1
19 -80
Sub-Frame C
16

Channel Correlation Table - Agena

Supplemental Channel

Number

(Decimal)

128
129

256
257

336
337

116
1a7

L96

512
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The channel correlation follows:

Table B-5
Supplemsntaty
Channel Nunber Channel Number
(Decimal) (Decimal)
Analog 1 1
196 196
B-1 197
B-5 201
B-6 202
Syne 1 203
Sync L4 206
Main Sync 255

Channel Correlation Table - Titan
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Gemini

It will be obvious, after reference to the Gemini Commutation Format,
Figure 3.2,l, that the Geminl case is similar to the Agena case. The
matrix formed by 160 main frame (8 bit) words by a sub-commutation ratio
of 96:1 (7 bits) would force a high of 15 address bits. The total
number of channels is:

Main Frame (LOSPS) 160 Channels
Firgt Sub-Frame (10SPS) 21 »
Second Sub-Franme
Six - 24 channel (1.25) 1) »
Fourteen - 8 n(0.l16) 112 =

437 channels = 9 bits

In summation, a 9 bit ID code will identify each channel properly.,

B=27



T T g e g~

Main Frame Sub-Frame
Channel Channel
Number Number
(Decinal) (Decimal)
1 Sync
2 "
3 n

160
M1 2
1 2
1
1 L
1 b

Tabls B-6

Second
Sub-Frame

Nurmber
(Decimal)

Supplementary
Channel Nunber
(Decimal)

1 Sync (Only one needed)
2
3

160
14

168
169

170

193

Similar assigmments could hold for other Channels

Channel Corralation Table

Gemini
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